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ABSTRACT
Cellulose was reacted with £-toluene sulfonylIsocyanate 
in pyridine to produce sulfonyl carbamylated derivatives that 
have acidic properties. Resins with various degrees of sub­
stitution were subsequently cross linked with several dif­
ferent cross linking agents to produce a cellulose based 
ion exchanger of optimum chemical and physical stability for 
chromatographic applications. Successful crosslinking of 
the cellulose derivative was achieved with p-(isocyanato- 
phenyl)sulfonyl isocyanate, bis-(4-isocyanatophenyl)methane, 
toluene- 2 ,4-disulfonylisocyanate, hexamethylene diamine and 
epichlorohydrin. Divinyl sulfone, sulfonyl diisocyanate 
and derivatives of 1 ,3 ,5 -j3 -trichlorot riazine were not sat­
isfactory cross linking agents. Resins which exhibit satis­
factory resistance to swelling in aqueous base require a degree 
of substitution between 1.0 and 1.5 with a degree of cross- 
linking from 0.2 to 0.4.
Cellulose sulfonyl carbamate resins prepared to these 
specifications were compared with carboxymethyl cellulose in 
thin layer separations of a number of aromatic amines and 
amino acids. The sulfonyl carbamate derivatives effected 
superior separation of both groups of compounds, particularly
in the case of amines which have very high pK^ values. Er­
ratic results were obtained when thin layer separations of 
metal ions were attempted.
The cellulose sulfonyl carbamate resins gave good sep­
arations in column chromatography of the isomeric aromatic
viii
amines; elution values correspond to thin layer values. 
The resins were stable to excessive swelling and to hydro­
lysis in media with pH values ranging from 1 to 10. These 





Ion exchange is basically a metathesis reaction. In 
order for ion exchange to be a useful process, however, there 
must be a reversible exchange between ions in an insoluble 
substrate and those in a solution. If RA represents an in­
soluble acidic material and RB is a basic material, cation 
and anion exchange are illustrated by the following equations: 
R-A + B+ ̂ = = F  R-B + A+
R-Y + Z~ £=', > R-Z + Y“
Ion exchange is an important biological mechanism and is re­
sponsible for many geological and hydrological phenomena, 
but, as in the case of chromatography, recognition of the 
significance and development of the field have taken a com­
paratively long time.
The first reported research (1850) on ion exchange was 
the observation by H. S. T h o m p s o n , a n  English agricultural 
chemist, that ammonium sulfate passed through a soil sample 
had some or all of the ammonium ions replaced by calcium 
ions. Thompson, lacking Arrhenius' concept of ions (1887), 
called this phenomenon base exchange.
Another Englishman, T. J. W a y , p u b l i s h e d  a more ex­
tensive report "On the power of soils to absorb manure" in 
the same year (1850). Among the observations of his series 
of 96 experiments was: "Three ounces of the liquid (ammon­
ium sulfate solution) percolated (through an 18 in. column
1
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of soil) without a trace of ammoniacal salt, but sulfuric 
acid was present in the first portions, combined with lime". 
After similar experiments with other salts, he stated "Thus, 
then, it has been proved that for bases of the salts of am­
monia, potash, magnesia and soda, the absorbtive power of 
the soil is available".
(3)After another two years of research, Way' reported his 
preparation of a gelatinous sodium aluminum silicate from 
sodium silicate and sodium aluminate. From this first "syn­
thetic" ion exchanger he prepared the analogous compound of 
potassium and calcium by ion exchange and found that both of 
the double silicates absorbed ammonia from solution. The 
importance of relative concentrations in these exchanges was 
not recognized, (the classic paper of Guldberg and W a a g e ^ ^  
was published in 1867) and Way thought that the ammonium ion 
was "more tightly bound" than ions of Na, K, Ca, or Mg. This
led to an attack on Way's work by the great Justus von 
( 5 )Liebig, who also failed to recognize the principle of 
reversibility of chemical reactions, on the basis that the 
solubility of the ammonium zeolite was too low to supply 
the ammonium ion needed by growing plants and thus that 
Way's work must have been in error.
Geochemists also reported evidence of ion exchange in 
the last half of the 19th century. An example is the report 
by L e m b u r g ^ ^  that the sodium of oligoclase (a feldspar) was 
replaced in proportion to the extent of weathering.
In a later p a p e r ^ ^  Lemburg reported that he had
3
exchanged potassium for the sodium of analcite in the labo­
ratory and that such exchanges by minerals were reversible.
The industrial applications of natural and synthetic
(8 9)zeolites were developed by R. Gans * who obtained numerous 
patents on water softening, calcium replacement of potassium 
in molasses to aid sugar crystallization, the manufacture of 
synthetic zeolites, and similar subjects. Gans* patents 
were granted during the early 1900's and covered every exten­
sive use of zeolites reported to date.
A very important breakthrough came in 1935, when Adams 
and H o l m e s p u b l i s h e d  reports of the first synthesis 
of ion exchange resins. Polymerization of various poly­
hydroxy benzenes with formaldehyde produced a weakly acidic 
cation exchanger, and an analogous condensation of phenyl- 
enediamine with formaldehyde produced a weakly basic anion 
exchanger.
Although the pioneering work of Adams and Holmes pro­
duced resins that had no great practical value, their work 
marked the beginning of the development of modern synthetic
ion exchange resins and renewed interest in the field of ion
(12 )exchange. Within ten years, D'Aleliov 1 patented the syn­
thesis of sulfonated copolymers of styrene and divinylbenzene. 
This monofunctional strong acid resin found wide application 
and is used extensively today. In addition, the development 
of D'Alelio's crosslinked polystyrene based resin pointed out 
the enormous advantages of "tailored" ion exchange resins 
over the silicate type of exchanger. Advantages such as
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greater physical strength, larger exchange capacities, 
higher exchange rates, stability at high and low pH, spher­
ical form and the ease of preparation of different resins 
that have wide ranges of acid strength, base strength or 
other chemical properties quickly led to great interest and 
a very wide use of these ion exchange materials.
(13)An American petroleum geologist, David Talbot Day' 7
presented a brief paper concerning his fractionation of
crude oil on a crushed limestone column in 1867. D a y 's work
(14)was recognized and used by others in the petroleum field. 
Whether influenced by the crude oil fractionation experi­
ments or not, Michael Tswett was soon using similar methods 
to separate plant extracts. On March 21, 1905, the Russian 
botanist read his classic paper "On a Category of Adsorption
(15)Phenomena and their Application to Biochemical Analysis" 
before the Warsaw Society of Natural Sciences, and adsorb- 
tion chromatography was born.
It is interesting and perhaps unfortunate that although 
Gans* industrial application of ion exchange and Tswett's 
adsorbtion chromatography were both advanced in the first 
decade of the twentieth century, these two extremely power­
ful methods of separation were largely neglected for the 
next forty years. Interest in chromatography was renewed by 
the partition separation of acetylated amino acids by Mar­
tin and S y n g e ^ ^  in 1941, and thereafter rapidly adopted by
(17)research groups. Apparently, Griessbach's v 7 suggestion for 
the marriage of ion exchange and chromatography had to wait
for the Manhattan Project and the necessity for separation
and Identification of fission products and rare earths. Yet,
even after these successes, it was only with the publications 
(18 19)of Samuelson 9 that the use of ion exchange resins be­
came widespread in analytical chemistry.
From such inauspicious beginnings, ion exchange chroma­
tography has grown to be one of the most powerful and most 
used tools in analytical chemistry. The number of publica­
tions concerning ion exchange grew from under 30 to over 800 
in the 1 0  years after 1 9 4 5 ^ ® ^  to thousands at the present 
time. Amino acid analysis presents an excellent example of 
the progress and sophistication of analytical ion exchange 
applications. Fully automated elution equipment approaches
a state of perfection. Details of this equipment and these
(21)procedures are found in recent reviews and in original
(22 23)accounts such as those of Stein and Moore 9 and
„ , „  (24,25)Hamilton. 9
Analytical ion exchange is used in every field of 
Chemistry and has been used for otherwise impossible separa­
tions; it has been directly responsible for many contribu­
tions to present knowledge, particularly in the field of 
biochemistry. For detailed ion exchange applications, the 
reader is directed to recent excellent texts, such as those
of Rieman and W a l t o n ^ ^ ^  or D o r f i n e r ^ ^  and recent reviews
(28) (29)such as those of Inczedy, .Jandera and Churacedv and
Walton. A German language review of K u e h n e ^ ^  has
the especially apt title "Ion Exchanger - Active Polymers".
A perusal of any of these review articles will reveal 
analytical separation techniques for virtually all metal 
ions and for almost any class of organic compound capable of 
ionization in solution. Biochemical applications include 
separation of amino acids, hydroxycarboxylic acids, amines, 
amphetamines, antibiotics, barbiturates, porphyrins, carbo­
hydrates, and sterols as well as polyelectrolytes such as 
peptides, proteins, and nucleic acids.
A high percentage of all ion exchange work is done with 
commercially available synthetic resins. The majority of
these are substituted styrene-diviny 1  benzene polymers based
(12)on the previously discussed work of D'Alelio. These re­
sins carry a bewildering array of trade names and designations
such as Dowex 50X8, Amberlite IRC-5-, ZeoCarb 225, AG1, and
( 2 6 }the like. Table 1, from Rieman and Walton shows the
nature and some characteristics of the more common synthetic 
ion-exchange resins available to American chemists.
The commercial synthetic resins listed in Table 1 all pos­
sess the desired characteristics discussed earlier, i.e. chem­
ical and thermal stability, good exchange capacity, insolubi­
lity, limited swelling, and regenerability, to a high degree.
Through different polymerization processes, these resins 
are made granular, spherical and spherical with different de­
grees of porosity. These resins are designated to be pelli­
cular if they have only surface activity and to be macro- and 
microreticular if the porosity is large compared with the 
atomic dimensions.
TABLE 1. ION-EXCHANGE RESINS
Type Structure Functional pH
Approximate specific 
capacity
group® limits** meq/gc meq/mla
Strong acid Crosslinked
polystyrene
-S03H Q-14 5.2 1.8
Amberlite IR-120, 200 







-p o (o h )2 4-14 8 Duolite C-60, C-61
Weak acid Polymerized 
acrylic acid






























0-7 5.0 2.0 Amberlite IR-45 
Dowex 3
the resin undergoes ion exchange.
:s per gram of dried resin.
:s per millilitre of resin bed, if resin is about 8% cross­
functional group Indicates the form in which the resin
is generally sold.
**The pH limits within which 
cCapacity in milliequivalenti 
^Capacity in milliequivalenti 
linked.
eMost of the Dow resins are named to indicate the percentage of nominal divinylbenzene 
in the hydrocarbon mixture that was co-polymerized. Thus Dowex 50-X8 signifies 8% 
divinylbenzene and Dowex 50-X4 signifies 4%.
*The AG resins (analytical grade) are Dowex resins purified and marketed by Bio-Rad 
Laboratories.
STfoe functional groups indicated in column 3 are, of course, neutral salts. The 
strongly basic properties become apparent when the chloride ion is replaced by hydroxide 
ion.
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B . Ion exchange celluloses
Other than the synthetic resins the only large class of 
solid ion exchange materials is the ion exchange celluloses. 
These materials have become very Important in the field of 
separation and analysis of biologically important poly­
electrolytes .
0
The observation that naturally occurring carbohydrates
have ion exchange properties has been made frequently. Such
( 3 2")natural materials include alginic acid' » a #-1,4-
( 3 3 )mannopyuronic acid polymer, and Pectin' » an a-1,4- 
galactouronic acid polymer. Such observations lead to the 
logical belief that chemical modification of a material as 
abundant and inexpensive as cellulose should result in useful 
ion exchangers.
The more assiduous chroniclers claim M o s e s 1 use of
wood (a "log" or "tree") to render the waters of the spring 
of Marah potable (about 1800 B.C.) to be the first reported 
application of ion exchange. It is possible that the wood 
involved was partially oxidized and that this carboxy cel­
lulose exchanged hydrogen ions for the magnesium of dissol­
ved epsom salts. This exchange followed by a neutralization 
of the resultant sulfuric acid with limestone is a possible
explanation of the miracle.
Whether this explanation of the "miracle of Marah" is 
true or not, it has only been recently that ion exchange 
celluloses have come into widespread use. I n c z e d y ^ ^ ^ ,  in
his 1962 text passes over such "natural organic ion exchan­
gers" in one half page. He finds "The analytical applica­
tion of such substances is very limited because they are 
sensitive to alkali", and "In spite of their cheapness, 
they are not of great importance in technology, especially 
since synthetic ion exchangers became readily available". 
Even Guthrle(36)s one Q f earliest advocates of ion ex­
change celluloses, seemed to believe that practical uses for 
these materials would be found because they could be in the 
forms of "yarn, roving, or fabric".
It remained for the classic work in protein fraction­
ation (1956) of Sober and P e t e r s o n ^ ^ »^8 ) to firmly estab­
lish the value of ion exchange celluloses. These workers 
reasoned that the large surface area of cellulose fiber, 
coupled with its hydrophilic character, should make low 
exchange capacity celluloses ideal substrates for the sep­
aration of polyelectrolytes such as proteins and nucleic 
acids .
Although cellulose ion exchangers still find widest ap­
plication in the separation of biological polyelectrolytes, 
they are gaining increasing use in the chromatography of 
metal ions and organic molecules.
Most cellulose ion exchangers are not difficult to pre­
pare, but routine uses demand the uniformity and convenience 
of commercially available materials. Table 2 shows charac­
teristics of ion exchange celluloses commonly obtainable 
from laboratory supply houses. Even in the use of commer-
TABLE 2
Some C o m m e r c i a l l y  A v a i l a b l e  Ion E x c h a n g e  C e l l u l o s e s





Carboxymethyl Cellulose -o c h 2c o o h Monochloroacetic 
acid & NaOH (40, 
41)
0 .5-1.0
Phosphorylated Cellulose -opo 3 h 2 Phosphoric acid & 
urea (42)
0.5-1.5
Sulfoethylated Cellulose -0C 2 H 4 S03H 2 -chloroethy 1 sul­








DEAE Cellulose - 0  c 2 h 4 n(c 2 h 5 ) 2 N,N-diethylamino- 
2 -chloroethane & 
NaOH (44)
0 .5-1.0
TEAE Cellulose - 0 C 2 H 4 N+ (C2 H 5 ) 3 DEAE Cellulose & 
Ethyl bromide (45)
0 .5-1.0
(a) functional group formula is a simplification
(b) Guthrie, et.al. have found the degree of quaternization doubtful for commercial 
materials such as quaternized ECTEOLA and TEAE (46)
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clal cellulose Ion exchangers, account must be taken of a
serious disadvantage; the properties of a nominal type of
exchanger will vary widely from otie supplier to another and
( 39}even between lots from the same sourcev It is, there­
fore, vital to use portions of the same lot of material in 
order to obtain reproducible results.
The currently available ion exchange celluloses suffer 
other serious disadvantages that the synthetic resins do not 
have. One of these disadvantages is the fact that celluloses 
are degraded by alkali. This degradation is inherent to the 
substrate and can be minimized only by exclusion of air from 
cellulose in alkali. Another factor, the swelling or even 
the dissolution of substituted cellulosics in base is t'ied 
directlv to t h * decree of substitution. Thus, high degrees 
of substitution (D.S.) lead to increasing degrees of solu­
bility. This is reflected in the low exchange capacity of 
useful cellulose ion exchangers. Thus, carboxymethyl cel­
lulose, if substituted to the theoretical maximum D.S. of 3, 
would have a dry exchange capacity of over 9 times that 
usually found (cap. = 1 . 0  meq/g) in commercial products.
All of these disadvantages find common roots in the 
structure of natural cellulose and, perhaps, in the reaction 
conditions necessary to form the derivatives. Cellulose is 
a linear B- 1 , 4-polyanhydroglucose:
12
CH2OH
This representation properly shows the conformation of the 
pyranose ring and the equatorial positions of the hydroxyl 
groups as well as the obvious single primary and dual sec­
ondary alcohol functionality. Intra-molecular hydrogen bonds 
between the 3-hydroxy group and the acetal oxygen are 
responsible for a high degree of order in the polymer chain. 
Interchain hydrogen bonding and other secondary bonding 
forces bind portions of molecular chains in various degrees 
of order ranging from perfect geometrical packing of the 
crystal lattice to random c o n d i t i o n s ^ ) (Figure 1 ) .
interfibrilular region
fibril
Figure l . Microstructure of Cellulose Fibers
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The regions of substantially crystalline structure are 
called fibrils and are separated from each other, in a fiber, 
by interfibrillar regions of disorder which chains can enter 
or leave between fibrils. The interfibular regions, then, 
would be highly accessible to reagent molecules. This mol­
ecular order-disorder relationship of cellulose is the char­
acteristic most subject to change by chemical or physical 
attack and is also responsible for the properties of 
ion exchange derivatives.
Reactions for converting cellulose into ion exchange 
derivatives are characterized by the requirement that the 
cellulose remain in a water-insoluble form which requires, 
in aqueous media, that the reaction not be carried to com­
pletion. Under these conditions the reaction to substitute 
cellulose must be heterogeneous.
The general reaction conditions for the ion exchange 
derivatives follow this' pattern. Alkali-swollen cellulose 
is reacted with a halogeno compound bearing the desired 
ionizable group under conditions which limit substitution.
The reagent can penetrate only the lower order regions and 
non-uniformity occurs on a micro scale. The introduction 
of an ionizable group further disrupts the cellulose struc­
ture until the ultimate result of continued substitution is 
complete destruction of the cellulose structure and conco­
mitant solubility.
Investigations of new cellulose ion exchange derivatives 
fall into two categories: those attempting to overcome the
14
disadvantages of swelling aid low capacity and those di­
rected toward producing a special use ion exchange substance 
such as a selective chelating resin or a substance for res­
olution of particular optical isomers. Discussion of the 
synthesis of highly specialized resins would serve no par­
ticular purpose but insight into the vagaries of cellulose 
chemistry can be gained from examples of various methods 
used to improve the properties of cellulose ion exchangers 
in general.
Attempts to improve ion exchange chromatography char­
acteristics of cellulose derivatives can include chemical 
modification of commercially available material, variation 
of the ionogenic group and alteration of physical properties 
by fiber pretreatment or by cross linking. An example of 
the subtle alteration of the ionogenic group in an attempt 
to improve capacity and selectivity is the synthesis of 
piperidine-N-ethylcellulose and diisopropylamino-N-ethyl- 
cellulose by Munier, e£ The synthesis of these
variations of diethylamino-N-ethylcellulose (DEAE) can be 
represented by the following scheme:
Under the proper conditions, these derivatives could also be 
quaternized:
+ I"
Cell- 0 -CH 2 CH 2 NR 2 + C H 3 I -> Cell-0-CH 2 CH 2 ^ R 2
Cell-OH +
C1CH 2 CH 2 4*(- CH3) 2 —► Cell-0-CH 2 C H 2 -N-( C H 3 ) 2
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The same Investigators also added varying amounts of epi- 
chlorohydrin to the reaction mixture of the /3-ch loro amine 
and cellulose. This procedure would tend to cross link the 
ion exchange cellulose and to complicate the derivative by 
the addition of polymerized epichlohydrin. The process is 
illustrated by the following simplified reaction:
Another approach to ion exchange cellulose modification 
that has a potential for producing rather complicated prod-
formaldehyde; the crosslinking gives a product that can be 
reacted with N ,N-diethyl-j8 -chloroethylamine to give a DEAE 
cellulose that is claimed to have good properties, including 
a capacity of nearly 3 meq./g. Cross links and pendant 
groups that have various chain length can be expected to be 
produced by this reaction. The polymerization of formalde­
hyde produces a pendant chain which would not be stable but 
cross links of any length could be expected to have a stabi­
lity approaching those of "Delrin" (an end-group-protected 
formaldehyde polymer).
Still another example of the modification of cellulosic 
ion exchangers is that of the benzoylation of DEAE cellulose.
Cell-OH + CH-CH2CI -*• Cell-0-CH2CH-CH2-0-Cell
0 OH
+ Cell— tO-CH 2 CHCH2-)-
OH
ucts is G u t h r i e ' s ^ ^  pre-crosslinking of cellulose with
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The product of this reaction is claimed to be superior in 
capacity and reproducibility for RNA fractionation 
and is now marketed by the Bio-Rad Corporation.
C . Cellulose Sulfonyl Carbamates
The continuing efforts illustrated by these examples 
point out the desirability of new approaches to producing 
a superior cellulose ion exchange resin. Having observed 
the high reactivity of sulfonylisocyanates toward phenols 
and hindered a l c o h o l s ^ ^  to form sulfonyl carbamates, 
and the acidity of these compounds that was nearly equal 
to that of acetic a c i d ^ ^ ,  Rousseau, Callihan and Daly^"*"^ 
prepared cellulose p-toluenesulfonyl carbamates as poten­
tial ion exchange resins. The acidity of O-ethy 1-N-jd-
(52)toluenesulfonyl carbamate reported by Taylor, ejt a_l. , 
who also commented on the remarkable stability of the salt 




In addition to the introduction of a novel functional 
group on a cellulose ion exchanger, several factors make 
cellulose sulfonylcarbamates very promising as cation ex­
takes place under very mild conditions (in pyridine at
and cross linking by bis— (4-isocyanatopheny1) methane or 
£ - (isocyanatophenyl) sulfonyl isocyanate could be effected 
on the derivative under the original reaction conditions. 
These characteristics suggest that uniform, high capacity 
resins can be prepared without exposing untreated cellulose 
to degradation by harsh reactants such as the strong 
alkali usually employed or without resorting to reactions 
of previously prepared derivatives. The reaction of £  - tol­
uene sulfonylisocyanate with cellulose is represented by:
SO.Nno
change materials. Daly et. al.^-*^ showed that the reaction





Other considerations making this system attractive are 
the recent improvements in synthesis of sulfonyl isocyanates 
which were once obtainable only in low yields from reactions 
at extreme temperatures. Ulrich and S a y i g h h a v e  devel­
oped a process giving high yields from direct phosgenation 
of arylsulfonamides with catalytic amounts of butyl iso­
cyanate. More recently, Daly and H o l l e ^ ^ ^  have reported 
the synthesis of alkyl and aryl sulfonylisocyanates by 
thermolysis of trimethylsllylated sulfonylcarbamates.
In addition to the above, a large number of alkyl and 
aryl sulfonyl carbamates and ureas have been thoroughly 
studied with regard to pKa values as well as thermolytic 
and hydrolytic p r o p e r t i e s ^ . There is also the report by 
Lanyi and S z a b o ^ ^  that especially stable complexes are 
formed between monomeric sulfonylcarbamates and amines.
This suggests that cellulose sulfonyl carbamates might find 
a special application in separation of biologically active 
amines.
D . Obj ectives
A review of the literature shows that a great deal of 
important work is being done in the separation and analysis 
of high molecular weight ionic substances such as serum pro­
teins, nucleic acids and enzymes on weakly basic cellulosic 
ion exchange resins. A much smaller amount of parallel work 
utilizes cellulosic cation exchangers. The small amount of 
work on cationic cellulose derivatives is presumed to be due, 
in part, to the fact that carboxymethyl cellulose is the only 
commonly available, weakly acidic, cellulosic material.
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Because of the ease of introduction of a novel ionogenlc 
group into native cellulose under mild conditions and the 
resultant possibility of producing a material that has spe­
cial activity toward amines, the original aim of this work 
was to prepare cellulose sulfonyl carbamate ion exchangers 
and to broadly study their efficacy in the separation of 
materials such as biologically important amines, pharmaceu­
ticals and polyelectrolytes.
After using these materials in column operations, it 
became apparent that a detailed analysis of cross linking 
processes and the effects of various degrees of substitution 
would be required in order to produce a stable resin that 
would have optimal properties. The objective of this re­
search was, by means of crosslinking experimentation, to 
prepare a reasonably high capacity resin that would be 
stable enough to be used in column operations and to compare 
such a resin with carboxymethyl cellulose for common column 
and thin-layer applications.
RESULTS AND DISCUSSION
A. Crosslinking of Cellulosles
The reactions and properties of alcohol and amine deri­
vatives of sulf onylisocyanates are well k n o w n ^ ^ * ^ ^  . The 
reaction of cellulose with j>-toluene sulfonylisocyanate has 
been e x a m i n e d ^ ^  and has been found to require pyridine 
catalysis and to exhibit continued swelling of the product 
during the course of the reaction. A major thrust of this 
work was to investigate crosslinking procedures in an at­
tempt to produce a derivative that would be sufficiently 
chemically and mechanically stable to be useful in column 
separations of materials that have a wide range of eluent 
pH values.
Because of the fact that textile technology is the 
vast industrial technology that both motivates and utilizes 
cellulose research, investigations of cellulose crosslinking 
procedures have been limited almost exclusively to hetero­
geneous systems. The goals of these cellulose crosslinking 
experiments are either to produce a durable press fabric or 
to alter moisture regain properties while maintaining the 
strength and integrity of the cellulose fibrous structure.
The normal cross-linking reactions employed for cellu­
lose and cellulose derivatives are either (a) ether formation 
or (b) ester formation reactions. Many compounds used to 
effect both types of cellulose crosslinking and representa­
tive reactions, are summarized in Table 3.
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TABLE 3






















2Rcell0H + H0CH2-^CN-CH20H-*Rcell-0CH2-N-C-N-CH20-Rcell (59, 62, 
R R R R 66-68)
OH"




ceii“0H + CH^CH-CHCl— »-Rcell-0CH2CH(0H)CH20-Rcell








(83-86)2Rcell0H + R(NCO)2— »R ..-O-C-IJI-R-N-E-O-I
H H
(a) Representative reactions are simplified, Intra and Inter chain crosslinking will 
occur.
(b) Representative, not exhaustive, list of references.
(c) All possible linkages formed: hemiacetal, monoacetal and diacetal.
(d) Products are mixtures containing crosslinked homopolymers, crosslinks of varying 
length and structure and grafted polymeric side chains.
(e) Diacid anhydrides and chlorides.
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The diesters and dicarbamates shown in Table 3 are not 
chemically stable enough to have elicited a great interest 
in the textile field. Much of the work done with this type 
of crosslinking was done by investigators primarily interested 
in textiles in attempts to study fundamental aspects of 
cellulose c r o s s l i n k i n g . One of the primary problems 
encountered in these investigations extends to all aspects 
of cellulose crosslinking; the nature of the product depends 
heavily on the past history of the cellulose, on the reaction 
media and on other reaction conditions. Illustrative of the 
effect of previous history is the fact that cellulose cross- 
linked in the dry state tends to swell much less and to have 
a much lower moisture regain capacity than does the same 
cellulose when it is crosslinked with the same reagent when 
it is even slightly swollen^®®*® ^ .
Despite the fact that information from textile cross- 
linking investigation has limited usefulness for applica­
tion to a reaction in which the cellulose derivative becomes 
soluble in the reaction media, several previously recognized 
problems have a direct bearing on this work. These problems 
primarily are the result of the complex nature of the cel­
lulose substrate, the heterogeneity of the product, and the 
topochemical nature of the crosslinked process.
A lack of definitive information is common in cellulose 
crosslinking. This is due mainly to the formidable problems 
of characterization of the insoluble, non-homogeneous pro­
ducts obtained. An unusual characteristic of cross-linked
23
celluloses Is the very small number of lntermolecular cross­
links required to render them insoluble. The presence of 
true crosslinking rather than pendant substitution can be 
determined by the solubility of the cellulosic in cupram- 
monium hydroxide or c u p r i e t h y l e n e d i a m i n e ^ .
Although crosslinks prevent dissolution of cellulose 
and derivatives, such modified substrates can react to 
swelling agents. There is disagreement on the effect of 
crosslinking on the swelling of cellulosics. P r i n s ^ ^  
claims that cellulose swelling in NaOH solutions is vastly 
enhanced when the cellulose is crosslinked by 1,4-dibromo- 
2-butene. Others disagree with this r e p o r t ^ ^  and have ob­
served that higher crosslink densities reduced, but did not 
eliminate, the degree of swelling.
Another vague area of knowledge in cellulose cross- 
linking is the effect of crosslink structure and length on 
the modified derivative. Although several studies have been 
carried o u t ^ ^ ’^ »  92,97) series of crosslinking mo l ­
ecules of varying length and rigidity, there does not seem 
to be any definite conclusion that can be drawn from the 
results. Other studies(^3,98) h ave not shown any relation­
ship between increasing the functionality of reagents and 
crosslinking efficiency or effects.
It is generally agreed that crosslinked celluloses are 
not subject to further chemical reaction. Oxidation of 
crosslinked cellulose by p e r i o d a t e C " ”102)and hypochlorite 
has shown large reductions, compared to natural cellulose,
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in extent and rate of attack. Other reports indicate that a 
crosslinked substrate subjected to even relatively severe 
conditions becomes essentially unreactive toward benzoyl 
c h l o r i d e o r  phenyl isocyanate(105) in pyridine. These 
observations of limited reactivity by crosslinked celluloses 
were reinforced by all results of this study. This observa­
tion of limited reactivity seems to concur with the conclu­
sion of Ellzey and M a c k ^ ^ ^  that a reaction medium must 
swell cellulose, even if only slightly, before successful 
reaction can occur.
All of the foregoing proved to be considerations in the 
crosslinking experiments reported here. Because of the twin 
goals of achieving a high cross-link density and minimizing 
cellulose degradation by severe reaction conditions, sul- 
fonyldiisocyanates and diisocyanates were examined first.
While these compounds form linkages that are chemically 
less stable than ether linkages, they should not 
be affected by conditions that dp not affect the substituted 
sulfonylcarbamate group and they would introduce more iono- 
genic functions. The results of reactions with these com­
pounds are summarized in Table 4 and are discussed in the 
following section.
B . Crosslinking with Diisocyanates
The ideal crosslinking reagent for sulfonylcarbamylated 
celluloses would seem to be a disulfonylisocyanate. These 
compounds should be just as highly reactive, under the same 
mild conditions, as the monofunctional compound used to in­
troduce the ionogenic group. Another factor seeming to
Table 4
PREPARATION OF CROSSLINKED SULFONYLCARBAMYLATED CELLULOSE WITH DIISOCYANATES (a)
Exp. Initial Amount Amount Cross-linking Add'l.
No. £—TSI Cross-linker Agent £-TSI
Yield Exch. Swelling
Cap. Character- 
(meq/ istics in 





-s o 2n c o 7.90g . 2.09 Swells to 
gel






























7.OOg. 4.32g. 1.90 Slightly
soluble
  7.80g. 2.43 Gel, slightly
soluble
-S02NC0 5.OOg. 3.22g. 0.63 Swells,
not to gel
4.8g. 6.93g. ---- Swells
4.9g. 5.50g . 0.87 Slight
swelling
4.5g. 4.16g. 2.34 Swells
4 . Og. 6 . 56g . 1.44 Slight
swelling
totn











  1 . 2 k g .  1.97
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(a) Reaction Conditions: 2.0g, (0.0123 mole equiv.) cellulose in 200 ml pyridine
Ranted at 90<? for six hr s.; crosslinking agent added and reacted 12 hrs.
(E) Experiments 13-^19 conducted with 10.Og. (0.0618 mole equiv.) cellulose, in 1 1. 
pyridine, at reaction conditions above.
(c) These compounds used in chromatography experiments.
(d) Resins swell in 2% NaOH But are hydrophobic.
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favor sulfonylcarbamate crosslinkages in the remarkable
(52 )stability toward alkali' ' that has been reported; carba­
mates are d e g r a d e d 7) slightly under basic conditions.
Some difficulty was encountered in the synthesis of di­
functional sulfony11socyanates. The synthesis of high mole­
cular weight compounds such as the 4,4 '-diphenylether deri­
vative resulted in very poor yields; there was decomposition 
and other side products were produced. It was possible to 
prepare 2 ,4-toluenedisulfonyllsocyanate only in fair yie l d , 
and use of this compound was discontinued when its cross- 
linked products (Experiments 11 and 12, Table 4) showed no 
advantages over other ion exchange products. Additionally, 
these highly reactive, moisture-sensitive solids were diffi­
cult to handle.
It was hoped that sulfonyl diisocyanate would produce 
good crosslinking since it is commercially available and is 
a liquid that is easily handled under anhydrous conditions. 
Attempts to crosslink celluloses that have different degrees 
of prior sulfonylcarbamate substitution with this reagent 
produced products soluble in cupriethylenediamine; this solu­
bility is prima facie evidence that no crosslinking had taken 
place. The failure to crosslink was very surprising in view 
of the reactivity of this compound. The fact that formalde­
hyde produces methylene crosslinks with cellulose suggests 
that the crosslinking does not require a large distance be­
tween reactive groups of the reagent, but the formaldehyde 
reactions are done on dry or slightly swollen cellulose, while
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the sulfonyl diisocyanate reaction was attempted from a solu­
tion of the cellulosic derivative. A reasonable speculation 
for the failure of this reaction is that the highly reactive 
sulfonyl diisocyanate undergoes intramolecular reactions with­
out significant interchain crosslinking.
Both bis(4-isocyanatophenyl)methane and hexamethylene
diisocyanate proved effective crosslinking reagents as shown 
by insolubility of their cellulosic products in strongly 
basic media (Experiments 15-19, Table 4). The products of 
these reagents generally exhibit more swelling in aqueous 
alkali than products crosslinked with £ - (isocyanatopheny1)- 
sulfonylisocyanate, but each shows an interesting effect.
The introduction of methylene diphenylcarbamate crosslinks 
in a density greater than about 0.4 (per anhydroglucose 
unit) produces a hydrophobic resin but one that is still 
swollen by a 2% sodium hydroxide solution. Hexamethylene- 
diisocyanate is the only reagent found in this study that 
produces a crosslinked cellulose that will undergo further 
reaction with £ - toluenesulfonylisocyanate. Products (Exper­
iments 18 and 19, Table 4) of crosslinking cellulose before 
or after the reaction with £-toluenesulfony1 isocyanate appear 
to be identical. The products of this alkyl reagent appear 
to be slightly more subject to swelling in base than products 
of the aromatic crosslinking reagents. The reaction to cross­
link unsubstituted cellulose with hexamethylenediisocyanate 
required catalysis by dibutyl tin(IV) dilaurate(108).
The reaction conditions for utilization of all of the 
above crosslinking agents are virtually identical. Dry
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cellulose is allowed to react with j>-toluene sulf onyl isocya­
nate in pyridine at 90°C for about six hours. It was found 
that substitution would be erratic and not quantitative 
unless a ratio of slightly over one mole of reagent was 
added per mole equivalent of cellulose. This mole ratio is 
necessary to achieve! solution of the cellulose derivative in 
pyridine. The crosslinking reagent is added after six hours 
and a stiff gel, including the solvent, is formed in less 
than five minutes. Upon continued agitation and heating, 
the gel will break, gradually excluding the solvent, after 
30 minutes to several hours, and leaving the precipitated 
product in pyridine. Any crosslink density (moles cross- 
linking reagent added per mole equivalent anhydroglucose) in 
excess of 0.1 produces a precipitate, and at a density of 
about 0.3 the product nature changes from fine fibrous to 
granular.
An important characteristic of these crosslinking reac­
tions is the unreactivity of the product. With the exception 
of the hexamethylene diisocyante, every crosslinking reagent 
employed produced a product with cellulose that was inert 
to the sulfonylcarbamylation reaction. The results of at­
tempts to react cellulose with jgTSI, crosslink the product, 
and then to further substitute the crosslinked sulfonylcarba- 
mylated product are shown in Table 4. The degree of substi­
tution (Table 5) calculated from analytical data and exchange 
capacity shows that these attempts at substitution after 
crosslinking were unsuccessful in every case. The same
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observation was made in all other cases involving non­
isocyanate crosslinking reagents.
The crosslinked cellulose is very inert to chemical at­
tack. An interesting corollary to these observations is the 
failure of starch to react with jj-toluenesulf ony 1 isocyanate. 
Apparently, the branching of the amylopectin chain causes 
the same resistence bo swelling, and thus to chemical reac­
tion as does the crosslinking of cellulose.
The inertness of the crosslinked cellulose to further 
substitution seems to be related to the degree of cross- 
linking. Derivatives of lower degree of substitution
(D.S.) generally were found to contain a lower degree of 
crosslinking. Howe,ver, results are erratic and no quanti­
tative relationship can be found. In spite of the lack of 
quantitative data, it seems reasonable to assume that the 
less-substituted derivative is insolubilized and deswollen, 
and thus deactivated, by a smaller degree of cross linking.
The optimum conditions for the preparation of an all­
purpose resin, crosslinked by difunctional isocyanates or 
sulfonyldiisocyanates, are best represented by experiments 
13 and 14, Table 4. It is felt that the best resins pro­
duced by this "one-pot" method should be substituted to a 
D.S. of 1 to 1.5 and have a 20% to 40% crosslink density.
The lowering of D.S. to less than 1.5 is necessary to pre­
vent excessive swelling but this represents a theoretical 
loss of exchange capacity less than 20% from approximately
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3,7 to 3.2 meq/g. (Figure 2). They were found to be chemi­
cally very stable and were shown not to have undergone sig­
nificant degradation by means of either exchange capacity 
or elemental analysis after having been eluted with several 
gallons of strong acid, over a time of several days, in 
column chromatography experiments. In hydrolysis experi­
ments these resins were stable to acids and moderate bases 
but were degraded by strongly basic conditions. Physically 
these resins swell as much as 20% in base but are useable in 
column operations if the column is not "shocked” by sudden 
drastic pH changes.
These resins are fibrous when crosslinked up to a de­
gree of about 0.3. This form seems to maintain the desir­
able high surface area of untreated cellulose and is still 
physically stable. Exchange capacities are generally 10-30% 
lower than those predicted from the analytical D.S. This 
decreased capacity indicates that there are areas of ion in­
access ability in the resin, but the dry resins equilibrate 
very rapidly with ionic solutions and thus show no gradual 
swelling process or the "hornification" effect from pre­
treated dry cellulose.
These crosslinking experiments produced usable resins 
that have some advantages over commercial cellulosic cation 
exchangers by a rather convenient reaction, but the fact that 
swelling was reduced by raising crosslink density suggested 



























Figure 2 . Theoretical Ion Exchange Capacity v s . 
Degree of Substitution with ja-Toluene Sulfonyl- 
isocyanate
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C. Other Crossllnkirig Reactions
1. Reagents Yielding Bis-Ether Linkages
Investigation of crosslinking sulfonylcarbamylated 
celluloses with epichlorohydrin was prompted by a report(109) 
that this compound reacted with alginic acid to give ion ex­
changers with good alkali resistance. Reaction of cellu­
lose in dioxane-sodium hydroxide solution produced a cross- 
linked product with high weight gain, but this product was 
unreactive to j>-toluenesulfonylisocyanate in pyridine. The 
epichlorohydrin crosslinked cellulose proved unreactive 
even when the cross-link density was reduced to less than 
5%.
Attempts to directly crosslink sulfonylcarbamylated 
celluloses with epichlorohydrin resulted in drastic loss of 
substituent groups. This could be explained by alkaline hy­
drolysis of the sulfonyl carbamate moiety but is much more 
likely due to preferential reaction at the carbamate ni­
trogen producing a compound analogous to the unstable N- 
alkylated sulfonyl carbamates. H e u r t e v a n t ( 5 6 )  fcas found 
that the complete hydrolysis of monomeric N-alkylated sul­
fonyl carbamates by 0.05 N sodium hydroxide requires less 
than twenty-four hours at room temperature. There is no 
reason to suppose that the N-alkyl polymer derivatives are 
hydrolytically more stable than the monomeric compounds.
The reaction of epichlorohydrin with sulfonyl carbamylated 
cellulose can be represented in simplified form as follows:
34
Cu C1 + Cell-0-C-NH-S02Ar
Cell-0-C-N-S02Ar
CH2-C H 2 + ring opening, polymerization, 
Cell-OH reaction, etc.
There were a number of other problems with this reac­
tion. One such problem is the polymerization of epichloro­
hydrin resulting in a gummy co-product. In addition, the 
crosslinking of the cellulosic by epichlorohydrin prepoly­
mers makes the linkage length uncertain and the character­
ization of the polymer impossible. In addition to these 
disadvantages, the necessity of strong alkali for swelling 
and catalysis results in degradation of the cellulose chains 
thems elves.
In spite of these difficulties, the stability of the 
ether linkage and the hydrophilic character added by the 
hydroxyl function made epichlorohydrin seem an attractive 
crosslinking agent. It seemed possible that a degree of 
crosslinking could be introduced to the swollen cellulose 
sulfonyl carbamate and that this compound might further re­
act with the sulfonyl isocyanate to replace the active sites 
lost in crosslinking.
This did prove to be the case and retreatment of epi- 
chlorohydrin-crosslinked cellulose sulfonylcarbamate with 
additional £-toluenesulfony1 isocyanate gave a granular
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resin with increased capacity. Success with this method 
seems to require careful control of the crosslinking pro­
cess. If the crosslink density attained is too high, the 
product will be inert to further substitution, and if the 
crosslink density is too low, the resin swells severely in 
aqueous alkali. Although resins were produced by this method 
that had very good swelling resistance and a good exchange 
capacity (1.58 meq/g), the difficulty of controlling the 
crosslinking reaction is a serious disadvantage in their 
preparation. In addition to swelling resistance, these 
resins showed good stability toward alkaline hydrolysis.
They were invariably in granular, rather than fibrous form.
The qualified success of epichlorohydrin as a cross- 
linking agent suggested that a more reactive ether linkage- 
forming substance might obviate the necessity for strongly 
alkaline reaction media. A paper by Tesoro, e t .a l . (70) on 
modification of cotton fabrics with divinyl sulfone deriv­
atives suggested that divinyl sulfone itself might be 
capable of crosslinking cellulose in pyridine.
Previous work with divinyl sulfone involved aqueous 
NaOH, but apparently only because of traditional textile 
padding processes or the reaction between the hydroxide ion 
and divinyl sulfone derivatives to regenerate the vinylic 
compound in situ. Although divinyl sulfone produced durable 
press cotton and rayon fabrics, it never found wide use in 
the textile industry because it is toxic, lachrymatory and 
a strong vescicant. Further, divinyl sulfone is unstable
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in aqueous base and reacts to yield a glycol which is an in­
termediate for the formation of a polymeric water insoluble 
"sludge".
These disadvantages suggested that divinyl sulfone 
would work well in a non-aqueous solvent such as dry py­
ridine. It was found that divinyl sulfone does crosslink 
native cellulose in pyridine but that some aqueous base is 
necessary for extensive crosslinking. Such divinyl sulfone 
crosslinked celluloses were found to be inert to £-*toluene- 
sulfonyl isocyanate in pyridine. This unreactiveness was 
thought to be due to the lack of swelling of the crosslinked 
substrate in pyridine, and divinyl sulfone was then reacted 
directly with the sulfonyl carbamylated cellulose in py­
ridine.
This procedure appeared to be an ideal method and produced 
a fine, white fibrous precipitate of the crosslinked cel­
lulose sulfonyl carbamate in quantitative yield. It was 
then perplexing when these derivatives swelled extensively 
in base and appeared to lose exchange capacity with a few 
regeneration cycles.
Hydrolysis experiments showed these resins to be degraded 
to a significant extent at pH 1; similar degradation was not 
observed in the case of other crosslinked resins. Again, it 
was postulated that the divinyl sulfone reacted almost ex­
clusively at the carbamate linkage to produce this chemical 
instability, and work with this crosslinking agent was 
abandoned.
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2. Crosslinking with 1,3,5-£-Trlchlorotriazine and
Derivatives 2-Diethylamino-4,6-Dichloro-s-Triazine
Cyanurlc chloride seems to offer good potential for 
crosslinking cellulose for several reasons. Dawson, Fern, 
and P r e s t o n ( H O )  report a swelling of highly crosslinked 
celluloses that is greatly reduced in comparison with those 
lightly crosslinked celluloses. In addition, there are two 
interesting possibilities for further modification of such 
crosslinked ion exchangers. First, a compound such as 2- 
diethyl-amino-4,60dichloro-s^-triazine would present an op­
portunity for quaternization that would produce an amphoteric 
exchange resin. Second, the report by Kay and Lilly^'*'^ of 
the use of amino-dichlorotriazines, reacted with CM and DEAE 
cellulose, to bind enzymes suggests other possible uses for 
such resins.
There are also disadvantages to the use of cyanurlc 
chloride derivatives. Amine derivatives, except disubsti­
tuted amino t r i a z i n e s are unstable to hydrolysis. Tri- 
azine derivatives of alcohols behave chemically as if they 
were esters and are subject to hydrolysis. The second and 
third chlorine atoms are successively much less reactive than 
the first and require increasingly severe reaction con­
ditions .
The reaction of cyanurlc chloride with cellulose in 
aqueous NaOH/acetone solution gave a white, powdery crosslink­
ing cellulose that has a high degree of crosslinking. The 
product was inert to jj-toluenesulfonylisocyanate in pyridine. 
Under the same conditions, 2-diethylamino-4,6-dichloro-s^-
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triazine gave a crosslinked product which did react further 
with the sulfonylisocyanate. The product of this reaction 
swelled extensively in 2% NaOH solution. The reaction is be­
lieved to have been possible because of the affinity of sul­
fonyl isocyanates for the amine function on the crosslink in 
areas of good accessability to promote swelling and further 
reaction. This reaction can be represented as follows:
The reaction outlined . above is very difficult to con­
trol and often results in charred and discolored products 
at room temperature. This seems to depend on the hydroxide 
concentration and the D.S. of the cellulose sulfonylcar- 
bamate. A variation of this reaction in which butyllithium 
in benzene is used resulted in viscous tars.
3. Cellulose Acetate as a Reaction Substrate 
Partially hydrolysed cellulose acetate is soluble in 
solvents such as acetone and benzene. The reaction of cel­
lulose acetate in benzene with p-toluenesulfonylisocyanate 
has been reported by Taylor, Pluhar and Rubin in a brief 
c o m m u n i c a t i o n ^ - ^ ) . This method offers a route to react 
the sulfonyl isocyanate with the less reactive hydroxyls of
(Et) 2
Triazine-N(E ) 2 + RSO 2 NCO— ^RSC^N® -Triazine
0-Cell 0 _ 0-Cell
R-S02“ iazine
0 (+) 0 cell
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cellulose, hydrolyze the acetate and have the more reactive 
hydroxy functions available for crosslinking, from solution, 
and therefore appears attractive. In addition, the reac­
tion in media other than pyridine eliminates the difficult 
problem of pyridine removal from the final product.
The reaction of ]5-toluenesulfonyl isocyanate and cel­
lulose acetate in benzene proceeded smoothly to yield a 
cellulose acetate substituted to near the theoretical limit 
(added D.S. of 0.97). Subsequent hydrolysis of the acetyl 
group in 10% NaOH also removed the sulfonyl carbamate func­
tion to a high degree (D.S. 0.35) and attempted crosslinking 
with epichlorohydrin further hydrolyzed the resin until the 
final product was essentially crosslinked cellulose.
While no further work was attempted with this reaction, 
the observations completely refute the previous r e p o r t ^ ^  
of obtaining cellulose £-toluenesulfonyl carbamate of D.S.
1 , and of the stability of the derivative to alkaline hy­
drolysis. A possible explanation is the reaction of the 
sulfonyl isocyanate with the carbonyl group of the cellulose 
acetate to give an unstable product. Such a reaction is 
not far removed from the r  e p o r t e d  ) 1,2-dipolar addition
of sulfonyl isocyanates with H,N*disubstituted amides.
D . Summary of Crosslinked Resin Preparation
Of necessity, the first step in this work was to inves­
tigate different cross-linking agents and methods to produce 
a crosslinked sulfonylcarbamylated cellulose with chemical 
and physical stability compatible with thin layer and column
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chromatographic applications. This has been especially dif­
ficult for the £ - toluenesulfony1 carbamate derivatives. The 
difficulty in limiting swelling stems from the nature of the 
ionogenic group attached. It is felt that the rather large, 
phenyl-containing ionogenic function is inordinately dis­
ruptive of the fibrillular structure of cellulose and that 
this effect is magnified by the reaction conditions, in 
which increasing substitution leads to a more soluble and, 
therefore, more reactive p r o d u c t .
Hydrolysis and swelling experiments prove that a stable 
j>-toluenesulfonyl carbamylated cellulose resin can be suc­
cessfully produced, but under rather limited conditions.
One condition is that the D.S. be less than 1.5 but greater 
than 1. The D.S. must be just over one if substitution is 
not to be very erratic under the same reaction conditions.
A D.S. of over 1.5 results in a resin that cannot be cross- 
linked sufficiently to prevent an undesirable degree of 
swelling. In addition to these considerations, a crosslink 
density of from 20-40% is necessary to limit swelling.
No one crosslinking agent was found to be definitely 
superior to others. Good resin stability was obtained with 
epichlorohydrin, bis(4-isocyanatopheny1 )methane and £-(iso- 
cyanatopheny1)sulfony1 isocyanate. Of these, the £-(isocy- 
anatophenyl)sulfony1 isocyanate has the widest range of 
application and is simplest in utilization. The only dis­
advantage to this crosslinking agent is that it is not 
commercially available. The bis(4-isocyanatophenyl)methane
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has the interesting and possibly useful property of reducing 
hydrophilicity with increasing substitution. Epichlorohy- 
drin has produced quite stable resins, of a reasonable ex­
change capacity, after retraatment of the crosslinked product 
to increase the degree of substitution. (It may be that 
retreatment is rather uniquely successful in this case due 
to a reactive group on the cross linkage itself.) A disad­
vantage in developmental work with epichlorohydrin is that 
it produces resins with a degree of cross linking that can­
not be determined directly.
In these experiments two areas of uncertainty found in 
the literature have been resolved for this cellulose deriv­
ative. In this case, a shorter, less flexible cross-linking 
agent limits swelling more effectively than a long and 
flexible molecule. This effect is exemplified by the resis­
tance to swelling found in derivatives cross linked with 
2 -(isocyanatophenyl)sulfonyl isocyanate as compared to de­
rivatives cross linked with hexamethylene diisocyanate.
The second area of literature vagueness is the effect 
of increasing the cross-link density on the swelling of 
cellulosics. For the sulfonylcarbamate derivatives it was 
found that higher cross link densities increasingly limit, 
but do not eliminate swelling in aqueous base.
The optimum resins prepared in this work have been 
found to be physically and chemically stable enough to be 
used in chromatographic applications over a pH range of 1 
to about 10 for long periods of time.
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E . Characterization of Resins
1. Physical Characteristics
The insolubility of a resin in 0.5 M cupriethylene- 
diamine has previously been discussed as a criteria of cross- 
linking for the cellulose derivatives. In addition, the 
degree of swelling in this solvent was used as a rough es­
timate of crosslinking efficiency. Swelling in aqueous base 
ranging from 0.1 M NH^OH to 20% NaOH was also observed for 
each resin. It was found that a 2% NaOH solution presented 
a.good standard for physical stability. Resins that did 
not swell excessively in this solution were more than suf­
ficiently stable for column operation. Aqueous 2% NaOH 
solutions were found to exert maximum swelling influence on 
the resins.
2. Ion Exchange Properties
The resins prepared in this work were routinely checked 
for batch exchange capacity as described in the experimental 
section. Some resins were also checked for column capacity 
by eluting the acid form resin with a measured amount of 
standard base, washing the column until the eluent was 
neutral and titrating the total eluent with standard acid. 
Column and batch capacities were found to be in good agree­
ment .
Some resins were also titrated directly with 0.5 N 
sodium hydroxide; the method of G r i e s s b a c h ^ ^  was used. In 
this method, exchange capacity and resin pKa can both be 
determined by plotting the pH of the resin containing
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solution vs milliequivalents of base added. Such a titra­
tion is shown in Figure 3. The results agree with the 
observations of Daly and R o u s s e a u ^ ^  for uncrosslinked 
sulfonyl carbamylated cellulose. The pKa 1s observed by this 
method fell between 4.5 and 5.
3. Thermal Analysis
It has been reported  ̂ that arylsulfonyl carbamates 
of monomeric alcohols are thermally unstable and decompose 
at 80-150°C to give arylsulfonamides, CC> 2 and a mixture of 
olefins. This fact suggested that routine thermal analysis 
of the resins produced for this study should be done. It was 
hoped that thermogravimetric analysis (TGA) and differential 
scanning calorimetry (DSC) might be useful in determining 
both the relative degrees of crosslinking and substitution 
and the thermal stability of the resins.
Unfortunately, thermograms of the crosslinked resins 
generally show only a smooth curve that has no inflection 
from the beginning of decomposition until a stable residue 
is formed.
The DSC thermograms did show that the cellulose j>- 
toluenesulfonyl carbamates begin to decompose between 240- 
275°C, the decomposition is very nearly independent of the 
type or density of crosslinking (Figure 4). This is the same 
decomposition range as that observed for the uncrosslinked 
sulfonyl carbamate derivatives (Figure 5) and suggests that 
decomposition begins with the pendant groups rather than cross­








meq NaOH/dry gram resin 
Figure 3 . Titration of Crosslinked Cellulose £-Toluene Sulfonylcarbamate Resin
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Figure 4
DIFFERENTIAL CALORIMETER SCANS OF CROSS 
LINKED CELLULOSE ^-TOLUENE SULFONYL CARBAMATES
All scans at 10°/min., under nitrogen atmosphere on 
approximately 4 mg. sample in sealed aluminum pans, from 
ambient temperature to 500°. Reference was an empty 
aluminum pan. The crosslinking agents employed for the 
cellulose derivatives are named beside each DSC curve 














£- ( i s o c y a n a t o p h e n y l )s u l f o n y 1 isocyanate
hexa m e t h y l e n e  diisocyanate
bis (4-isocyanatophenyl) methane
d i v i n y l  s u l f o n e
e p i c h l o rohydrin
4SO'*
Figure 5
DIFFERENTIAL CALORIMETER SCANS OF 
UN-CROSS LINKED CELLULOSE £-TOLUENE SULFONYL CARBAMATES
All scans at 10°/ m i n . , under nitrogen atmosphere on 
approximately 4 mg. sample in sealed aluminum pans, from 













f r o m  w o o d  c e l l u l o s e  i n  p y r i d i n e
f r o m  c e l l u l o s e  a c e t a t e  i n  b e n z e n e
Figure 6
DIFFERENTIAL CALORIMETER SCANS OF 
UNSUBSTITUTED CELLULOSE CROSS LINKED WITH VARIOUS REAGENTS
All scans at 10°/min. , under nitrogen atmosphere on 
approximately 4 mg. sample in sealed aluminum pans, from 
ambient temperature to 500°. Reference was an empty 
aluminum pan. The reagent employed for cellulose cross 




















derivatives that have higher decomposition temperatures 
(Figure 6 ) that range from 260-325°C.
It would take a great deal of effort to place an exact 
interpretation on the thermal scans obtained in this work 
but there are some interesting speculations to be made from 
these thermograms. In Figure 4, there are definite double 
exothermic peaks from the d i v i n y l 'sulfone crosslinked refiin. 
There is also an inflection Indicating double exothermic 
peaks for the epichlorohydrin crosslinked r e s i n . This would 
seem to indicate crosslinking to carbamate nitrogen giving 
a less stable portion of the polymer that begins decompo­
sition shortly before the unsubstituted carbamate linkage.
The comparatively wide range of the epichlorohydrin decom­
position would also seem to suggest the influence of the 
variation in crosslinkage lengths. The shallow endotherm 
observed between 1 0 0 - 2 0 0 ° seems to indicate reorientation 
of the fibrillular structure of these cellulosics. The 
resins crosslinked with divinyl sulfone, hexamethylene 
diisocyanate and bis(£-isocyanatophenyl)methane do show in­
flections, in' the thermogravimetric scan. From the weight 
loss at inflection these appear to be due to near total 
loss of £-toluenesulfonyl carbamate groups, with the total 
decomposition of the cellulose and cross linkages represented 
by the final portion of the curve. Since this thermal ob­
servation was not generally applicable to the most useful 
resins, it was not followed up by isolating and identifying 
the decomposition products for proof of the hypothesis.
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In general, all resins showed adequate thermal stabil­
ity for any normal use. Very slight to no decomposition was 
noted in the isothermal mode at 150°C over a period of six 
hours for several representative resins.
F . Ion Exchange Chromatography with Cellulose Sulfonvl 
Carbamate Resins
An ion exchange resin should be useful for both thin 
layer and column chromatographic separations. Thin layer 
chromatographic trials of a new resin are especially impor­
tant for yielding information on separation efficiency in a 
short time. Column chromatography is important for large 
scale separations, and the experimental chemist usually 
chooses the conditions for his column separations after 
thin layer trials have been done. For these reasons, it was 
desired to test the sulfonylcarbamylated cellulose resins 
by selecting classes of compounds that are useful and dif­
ficult to separate by means of both thin layer and column 
chromatography.
The separation of aromatic amines was chosen to be an 
ideal trial area for the sulfonyl carbamate resins. Various 
substituted anilines have a wide range of base strengths, 
and previous separation studies on ion exchange paper 
and carbohydrate-based thin l a y e r s ^ ^ ^  provide data for ready 
comparison of results. In addition, a number of studies in­
dicate that substituted anilines and aminophenols are related
(118- 120}to important drugs, pesticides and herbicides' . The
detection and identification of the aromatic amines can be 
important in recognizing compounds that are formed by
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degradation or metabolic processes and have environmental or 
public health importance. In addition, a parent compound 
could often be identified by laboratory hydrolysis followed 
by identification of the aromatic amine component.
Amino acids were chosen to be another class of compounds 
to which application of the sulfonyl carbamate resins could 
be applied. The enormous amount of work on these compounds 
gives accessible results for comparison, andthe neutral 
amino acids present something of a separation challenge for 
an ion exchange resin. It was hoped to compare thin layer 
separation results with those obtained with a cellulose 
sulfonyl carbamate column on an automatic amino acid analyzer 
but this comparison proved to be impossible because the in­
struments were not available.
1. Thin Layer Chromatography with Cellulose Sulfonyl 
Carbamates
The properties of sulfonylcarbamylated celluloses are 
generally advantageous for thin layer methods. The nature 
of the thin layer and the elution time can be varied to suit 
the separation by the use of different amounts of calcium 
sulfate or cellulose as a binder. The sulfonylcarbamate 
resin is best applied from a chloroform or methanol slurry, 
rather than from a water slurry; use of the more volatile 
solvents results in quick drying plates that do not require 
heat prior to use. The separation of amino acids and aro­
matic amines that can be achieved on the sulfonyl carbamate 
plates is quite superior to the separations achieved with 
carboxymethyl cellulose, and these new resins should be useful 
for thin layer chromatography.
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Thin layer chromatographic experiments with aromatic 
amines on cellulose sulfonyl carbamates generally show ex­
cellent separation of R^ values (Tables 5 and 6 ). The re­
sults of actual separations of mixtures agree with predic­
tions based on R^ values (Figure 7 ) 0  Clean separation of 
the entire group of aromatic amines used in these experiments 
should be possible on the sulfonylcarbamate resins. This 
is not true with carboxymethyl cellulose. (Figure 8 a and 8 b)
A comparison of Tables 7 and 8  implies a serious dif­
ficulty that plagued these chromatographic studies. A 
comparison of Rf values for the rather basic aminophenols 
(pK 's > 4.5) and acidic nitroanilines (pK 's < 2.5) shows
a  d
complete inversion of elution characteristics on two differ­
ent sulfonyl carbamate resins. In this case the difference 
between very light and very heavy crosslinking apparently 
causes a shift in retention mechanism. At any rate, such 
differences point out the need for uniformity in the ion 
exchange resins. Thin layer studies, such as this with a 
new resin require large amounts of a uniform resin to de­
termine reproducibility of results in a variety of eluents. 
The synthesis of these resins on a laboratory scale made it 
generally impossible to produce uniform quantities of heavily 
crosslinked resins large enough for thin layer studies. Al­
though column elution behaviour is roughly predictable from 
thin layer data, results would be more meaningful if they 
had been obtained with identical resins.
Examination of the relationship between pKa and Rf
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Table 5
THIN LAYER CHROMATOGRAPHY OF AROMATIC AMINES
Rf Yaluena
Cellulose Sulfonyl Carbamate MN 300 CMc
Resin**0. IN HC1 1M C1CH2C00H 1M CH3COOH 1M CH3COOH
o-nitroaniline 0.31 0.18 0.08 0.50
p-nitroaniline 0.53 0.20 0.11 0.56
m-nitroaniline 0.85 0.54 0.15 0.47
o-aminophenol 0.85 0.36 0.45
p-aminophenol 0.92 0.41 0.45
m-aminophenol 0.80 0.32 0.42
o-aminobenzoic acid 0.68 0.30 0.54
p-aminobenzoic acid 0.73 0.28 0.43
m-aminobenzoic acid 0.77 0.36 0.40
o-bromoaniline 0.60 0.20 0.52
p-bromoaniline 0.46 0,22 0.37
m-bromoaniline 0.51 0.24 0.41
p-phenylenediamine front 0.44 0.14
m-phenylenediame 0.95 0.40 0.18
o-chloroaniline 0.62 0.22 0.42
p-chloroaniline 0.56 0.17 0.36
m-chloroaniline 0.53 0.16 0.38
p-aminosalicylic acid 0.86 0.38 0.44
(a) Duplicate plates and plates of synthetic mixtures gave
R £ values reproducible to ± 0.04.
(b) CSC resin: D.S., 1.5; (crosslinked with 0.06 mole equiv.
of divinyl sulfone; Cap., 2.2 meq/g.)
(c) CMC: Cap., 0.78 meq/g.
Table 6
THIN LAYER CHROMATOGRAPHY OF AROMATIC AMINES 8
Rf Values 
0.IN HC1 1M CH 3 COOH
o-nitroaniline .60 .32
p - " .52 .30
m - " .33 .25
o-aminophenol .03 origin
p - " . 0 2
ifl - " .05 "
o-amlnobenzoic acid .92 .53
p - " .85 .42
m - " .79 .48
p-phenylenediamine .08 origin
m - " .10
p-aminosalicylic acid .89 .60
(a) TLC of Aromatic Amines on CSC resin crosslinked with 












Figure 7 . Separation of Isomeric Nitro- 
anilines and Aminophenols on Cellulose 
Sulfonyl Carbamate Thin Layer Plate.
Eluted with 1 M C1CH 2 C00H: 1 , 2 , 3 =
, m-nitroaniline; 4, 5, 6 = o - , £-, 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Figure 8 a. T hin L a yer S e p a r a t i o n  of A r o m a t i c  Amines on Ce l l u l o s e  Sulfonvl 
C a r b a m a t e .
Elu t i o n  with 1 M CHgCOOH: 1, 2, 3 = o - , £-, m - n i t r o a n i l i n e ; 3, 4, 5 = o_-,
, m - a m i n o b e n z o i c  acid, 1 0 ; 1 1 , 1 2 ■» o ~ , £-, m - b r o m o a n i l i n e ; 13, 14 = £-, 
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0
0
o r i g i n
8 9 10 11 12 13 14 15
Fig u r e  8 b . T h i n  Layer S e p a r a t i o n  of A r o m a t i c  Amin e s  on C a r b o x y m e t h y l  
C e l l u l o s e .
Elu t i o n  with 1 M C H 3 COOH: Same leg e n d  as Figu r e  8 a.
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values for the aromatic amines clearly shows that mechanisms 
other than pure Ion exchange affect elution behaviour on the 
sulfonyl carbamate resins. The increase of R^ values with 
increasing acidity of the eluent is expected for a cation 
exchanger. The divergence of Rf values for compounds with 
comparable pKa ’s is indicative of other interactions of the 
amino acids with the stationary phase. This behaviour is 
illustrated by the respective pKa and Rj values for m-nitro- 
aniline (2.45, 0.54), £-aminobenzoic acid (2.32, 0.73) and 
£-bromoaniline (2.60, 0.60).
Retention mechanisms other than pure ion exchange are 
to be expected for resins such as the cellulose sulfonyl 
carbamates. The large area and polar nature of unreacted 
cellulose predict that a derivative would be an efficient 
adsorbent. Phenyl substitution provides an additional basis 
for stationary phase-substrate interaction.
Adsorption characteristics may be quite powerful for 
these resins but increased adsorption does not explain the 
opposite effect of pKa on Rj values obtained on carboxymethyl 
cellulose (where R^ increases as pKa increases) and on sul­
fonyl carbamylated cellulose (where Rf decreases as pKa in­
creases). The behaviour of the sulfonylcarbamate ionogen 
can be explained by the previously observed(^7) formation of 
stable complexes between amines and sulfonylcarbamates.
Thus, the less acidic aromatic amines would be more highly 
protonated by a given eluent and the complex formation re­
tention mechanism would predominate with the more acidic,
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less protonated, aromatic amines.
The same correlation of smaller Rf values with larger 
pKa values, can also be explained as "ion exclusion chrom­
atography" in which the more ionic species are eluted first. 
The ion exclusion principle demands that: (a) the fixed
ion concentration on the interior of resin particles must 
be high; (b) the water content of the exchanger must be high 
enough to result in sufficient capacity; and (c) the dif­
fusion rate must be high, so that equilibrium is rapidly 
attained. The sulfonyl carbamylated cellulose resins fill 
the last two specifications very well and probably adequately 
fulfill the first so as to be good candidates for ion ex­
clusion phenomena.
2. Separation of Amino Acids
The behaviour of the amino acids (Table 7) gives a 
basis for choice between the "special affinity" and "ion 
exclusion" retention mechanisms discussed above. For the 
amino acids, the observed Rf values follow the expected elu­
tion pattern for a cation exchange resin: The basic amino
acids such as arginine, histidine, and ornithine are more 
strongly retained than the acidic aspartic and glutamic 
acid. The normal elution pattern observed for the amino 
acids very strongly suggests that a special affinity ef­
fect is operating in the separation of the aromatic amines.
In separation efficiency, (Table 7), the cellulose 
sulfonyl carbamates show a much greater range of R^ values 
(0.06 to 0.64) than does carboxymethyl cellulose (.49 to
Table 7
THIN LAYER CHROMATOGRAPHIC 
SEPARATION OF AMINO ACIDS ON CELLULOSE




CMCbAcid Cellulose Sulfonyl Carbamate8
Trp 0.01 N HC1 0.1 N HC1 1M CH^COOH 0.1 N P0.03 13718"" ' — 0.03 0.49
Arg 0.04 0.10 0.05 0.53
Lys 0.06 0.12 0.05 0.60
His 0.05 0.06 0.05 0.52
Orn 0.08 0.08 0.06 0.56
Tyr 0.10 0.19 0.11 0.67
Cys 0.11 0.18 0.13 0.73
Phe 0.11 0.41 0.15 0.75
Dopa 0.13 0.34 0.15 0.61
Nor leu 0.15 0.48 0.12 0.86
(Cys)2 0.16 0.34 0.15 0.79
Leu 0.16 0.38 0.14 0.86
H e 0.18 0.55 0.17 0.86
Pro 0.24 0.42 0.23 0.84
Val 0.26 0.46 0.26 0.87
Gly 0. 30 0.38 0.27 0.85
Glu 0.37 0.52 0.36 0.84
Ala 0.37 0.40 0.32 0.83
Ser 0.43 0.45 0. 38 0.84
Thr 0.44 0.52 0.40 0.83
Asp 0.52 0.64 0.38 0.88
(a) Crosslinked with 0.3 mole equiv. bis-(p-isocyanato- 
phenyl)methane; D.S., 1.5; cap., 1.8 meq/g.
(b) MN 300 CM carboxymethyl cellulose; cap., 0.78 meq/g.
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.8 8 ) with the same eluent. This would seem sufficient just­
ification to pursue the use of sulfonyl carbamate resins 
for amino acid analysis. A great deal of work has been done 
toward the end of achieving better separation of amino 
acids on various supports. Often a much better separation 
can be effected by rather slight changes in the nature of 
the eluent used. In one study, Haworth and Heathcote(121) 
achieved an unambiguous separation of forty amino acids on 
a single cellulose T.L.C. plate by two dimensional elution 
with mixed eluents. This work used acidified mixed organic 
solvents for development in the first dimension and ammon- 
iacal mixed organic solvents for development in the second 
dimension.
To observe the effects of basic and mixed eluents, 
amino acids were eluted from cellulose sulfonyl carbamate 
plates with aqueous ammonia and acidic "solvent A" of Ha­
worth and Heathcote (Table 8 ), as well as with various 
acidified isopropanol-water solutions as well as with vary­
ing potassium nitrate concentrations, (Table 9). The fact 
that these various eluents showed no advantages over aqueous 
acid does not mean that there is no combination that would 
give a mixed eluent with superior performance, and the data 
implies obvious advantages for two dimensional separations 
using ammonia for development in the second dimension.
3. Attempted Separation of Metal Ions
Experiments with ion exchange separation of metal ions 
can yield a great deal of information about an ion exchange
Table 8
TLC OF AMINO ACIDS WITH BASE AND MIXED ELUENTS
CSC Plates 3  
Rf Values
CMC 1
Amino Acid 1M N H 4 0H Mixed Eluent^*3) Mixed El
Ala 0.89 0.32 0.57
Arg 0.65 0.24 0.19
Asp 0.93 0.59 0.56
Glut 0.93 0.59 0.56
Ser 0 . 8 8 0.33 0.39
Thr 0 . 8 8 0.45 0.51
Val 0.76 0.53 0. 79
H e 0.69 0.62 0.90
Leu 0 . 6 8 0. 75 0.90
Hist 0.42 0.23 0 . 1 1
Phe 0.45 0.43 0.82
Tyr 0.63 0.60 0. 72
(a) Cellulose sulfonyl carbamate resin: D . S . , 1.5;
0.98 meq/g.; bis(£-isocyanatophenyl)methane. Cross- 
linked with 0.5 mole equiv.
(b) Carboxymethyl cellulose, Cap., 0.78 meq/g.
(c) Solvent; 2-propanol, butanone, 1 N HC1, 60:15:25 (v/v)
Table 9
TLC COMPARISON OF MIXED ELUENTS AND INCREASED 
IONIC STRENGTHS FOR AMINO ACID ELUTION CSC'a ' PLATES
Rf Values
Eluent .01NHC1 .05NHC1 .01NHC1 .05NHC1 H 20 .OIMKNO 3  .IMKNO 3 IMKNO 3
in 10% in 10% in 50% in 50%
i-PrOH i-PrOH i-PrOH i-PrOH ________________________
Amino Acid
Ornithine 0 . 1 2 0.18 0.06 0.13 0 . 1 1 0.17 0 . 2 1 0 . 2 2
Threonine 0.40 0.48 0.28 0.38 0.13 0.26 0.44 0.48
Isoleucine 0.18 0.26 0.19 0.31 0.18 0.27 0.29 0.36
Cystine 0 . 2 2 0. 24 0 . 1 0 0.19 0.17 0.18 0.24 0.32
(a) Cellulose sulfonyl carbamate resin: cap., 0.98 meq/g.; D.S., 1.5; crosslinked
with 0.5 mole equiv. bis(£-isocyanatophenyl)methane.
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resin. Metal ion selectivity and Rf vs. hydrogen ion concen­
tration of eluent for metal ions comprise almost classic 
descriptions of ion exchangers.
Metal ion separations were attempted on the cellulose 
sulfonylcarbamate thin layers but the limited number of ex­
periments performed invariably resulted in highly erratic 
solvent fronts and irreproducible Rf values. This behaviour 
is due to a great variation in the swelling and solvent in­
teraction properties of the cellulose sulfonyl carbamate in 
the metal salt form. Mercury(II), for example, formed a 
spot which visibly repelled aqueous acid and remained at 
the start line. Calcium and magnesium migrate in order and 
have high R^ v a l u e s . C o b a l t , iron and copper are also 
separated cleanly but barium, lead and mercury remained near 
the origin and gave erratic results. It is felt that a very 
heavily cross-linked sulfonyl carbamate resin would moder­
ate the variations in swelling and give more reproducible 
results.
The failure of the sulfonyl carbamylated cellulose in 
the separation of metal ions represents the only instance 
in which this ion exchanger is not superior to carboxy- 
methyl cellulose for thin layer applications.
4. Column Chromatography of Aromatic Amines on Cel­
lulose Sulfonyl Carbamate Resins
Column chromatography on the sulfonyl carbamylated cel­
luloses requires that the derivative be crosslinked to at 
least 1 0 % or swelling problems occur in neutral to basic
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solutions. Resins with a crosslink density of 30% are suit­
able to a pH of 11 but swell to an impenetrable gel when 
subjected to triethylamine in alcohol. This phenomena has 
thwarted use of these resins with non-aqueous base. It is 
believed that the amine- sulfonylcarbamate c o m p l e x ^ ? )  is 
solubilized by alcohol to result in this excessive swelling.
A certain degree of swelling occurs when any of the resins 
produced thus far is subjected to aqueous base. For this 
reason, columns to be used with basic eluents must be pre­
pared from a basic slurry of the resin or tediously eluted 
with a very gradual pH change. Other preparations result in 
either channelization (basic to acid eluent) or badly re­
stricted flow (acidic to basic eluent) due to the dimen­
sional change of the resin particles.
The aromatic amines separated by thin-layer chromato­
graphy were used in column elution trials. The elution 
order and, to some extent, the peak maximum in column 
chromatography could be predicted from the thin layer 
values. The same ion exclusion-like pattern that appeared 
in thin layers occurred in column work; the most acidic 
compound was "more strongly retained" and required increasing 
elution volumes with increasing acid strength. Results are 
given in Tables 10 to 13. Examples of the retention behav­
iour exemplified by the isomeric nitroanilines with strong 
and weak acid eluents are shown by Figures 9 a and b. Res­
olution for the isomeric nitroanilines and aminobenzoic acids 
is shown by Figure 10. Resolution is not total in the
Table 10











o-nitroaniline 89 80-105 95 88-105
p-nitroaniline 62 54-71 65 58-70
m-nitroaniline 30 25-35 42 36-60
o-aminophenol 30 25-35 31 27-40
p-aminophenol 28 25-35• 33 25-38
m-aminophenol 30 25-35 32 25-35
o-aminobenzoic acid 34 27-40
p-aminobenzoic acid 32 26-42
m-aminobenzoic acid 30 25-35
p-phenylenediamine 32 25-38 31 24-35
m-phenylenediamine 32 26-42 31 24-35
p-aminosalicylic acid 39 30-50
(a) Column A: 22 cm x 
meq/g; flow rate,
9 mm of divinyl sulfone cross 
2 ml./min.
























180 160-230 ^375 350-420
p-nitroaniline 125 115-140 160 150-170
m-nitroaniline 78 70-90 126 118-140
o-aminophenol 23 16-30 33 27-36 43 39-45
p-aminophenol 2 1 16-26 24 19-29 31 25-38
m-aminophenol 24 15-30 42 35-50 28 22-34
o-aminobenzoic acid 55 48-65 6 8 61-77 6 8 61-76
p-aminobenzoic acid 50 44-60 57 46-70 6 6 60-68
m-aminobenzoic acid 28 24-37 30 26-35 37 29-48
p-phenylenediamine 2 0 15-25 26 25-42 37 25-52
m-phenylenediamine 2 1 15-25 26 22-34 29 25-37
p-aminosalicylic acid 23 19-30 90 78-110
(a) Column B: 12' cm. x 11 mm. column; hexamethylenediisocyanate crosslinked resin, 8.3 g














COLUMN CHROMATOGRAPHY OF AROMATIC AMINESa
Eluent
1 M CH 3 COOH______ 0.1 M HCl
Elution Elution
Vmax(ml) Range (ml) ^max(ml)_____Range(ml)
"53----------5TT-73------  “1 7 ---------- 33-41
123 115-139 44 37-58
406 310-450 163 150-180
not eluted in 800 ml. 
not eluted in 800 ml. 
not eluted in 800 ml.
95 80-120 16 21-28
216 204-232 20 20-30
320 290-345 26 26-34
not eluted 
not eluted
54 45-63 15 20-25
(a) Column C: 12.8 cm x 9 mm column; (isocyanatophenyl)sulfonyl isocyanate cross-















COLUMN CHROMATOGRAPHY OF AROMATIC AMINES 3
Eluent 















54 43-65 24 18-29
37 32-45 18 11-24




(a) Column D: 19 x 0.9 cm. column; epichlorohydrin crosslinked resin, 5.0 g., cap.
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Figure 9 a and b . Elution of Isomeric Nitroanilines on CSC 
Column A (Table 10)












s) 1 M CHiCOOH Eluent
450400350250 300200150
Volume of Eluent (ml.)
a, b, c = m - , £-, £-nitroaniline: d, e, f = m -, £-, £-aminobenzoic acid
Figure 1 0 . Elution of Isomeric Nitroanilines and Aminobenzoic Acids on 
CSC Column C (Table 12).
1̂
74
acetic acid elution. The data of Table 13 clearly suggest 
that complete resolution could be achieved by beginning elu­
tion with a strong acid and steadily lowering the pH of the 
eluent. Table 11 shows that, if a constant pH eluent must 
be used, a little experimentation with a buffer system 
should provide resolution for most mixtures. An interesting 
observation of the column elution data is that all eluents 
except HCl give total separation of m-aminophenol and js- 
aminosalicylie acid. This separation is particularly inter­
esting because m-aminophenol is a harmful impurity formed 
in the preparation of j>-aminosalicylic acid and the separ­
ation has possible commercial interest.
In order to ascertain that no amino acid was irrever­
sibly bound to the resin, calibration curves were prepared 
and the spectrophotometric response of eluent portions 
totaled. Although considerable experimental error was in­
troduced when the elution range was broad, the results of 
this analysis indicated that none of the eluate was lost. 
Particular difficulty was experienced with this analysis 
due to the fact that no constant volume fraction collector 
was available and volume control had to be achieved by 
striving for a very constant flow rate. With a pump-fed 
gravity reservoir and column stopcocks it was possible to 
hold the flow rate nearly constant. Two milliliters per 
minute was the flow rate usually employed. No attempt was 
made to optimize the flow beyond this reasonable rate.
In summary, the cellulose sulfonyl carbamate resins per-
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formed well In column Ion exchange applications. The same 
affinity effect was observed in both column and thin layer 
separations. When the sulfonyl carbamylated cellulose ion 
exchange resins are sufficiently crosslinked to resist severe 
swelling, they are superior to carboxymethyl cellulose for 




All boiling and melting points obtained by the capil­
lary method are uncorrected. Elemental analyses were carried 
out by Schwarzkopf Microanalytical Laboratories, Woodside,
New York, by Galbraith Laboratories, Inc., Knoxville, Ten­
nessee or by Mr. Ralph Seab, Louisiana State University,
Baton Rouge. Melting points or thermal analyses obtained 
by Dupont 900 Differential Scanning Calorimeter are correc­
ted. Infrared spectra were taken on either a Beckman IR-5 
or a Perkin-Elmer Model 137 spectrophotometer. N.M.R.
Spectra were recorded on either a Varian HA-60 or a Beckman 
R12B instrument. A Bausch and Lomb Spectronic 20 was used 
for quantitative analysis of colored column eluents in 
chromatography.
A . Reagents and Materials
Most common solvents were purchased from Mallinkrodt 
and used as received. Pyridine (Mallinkrodt) was dried over 
potassium hydroxide. jv-Toluenesulfonamide, sulfanilamide, 
cyanuric chloride, butyl isocyanate, and bis(4-isocyanato- 
phenyl)methane were obtained from Matheson and used as re­
ceived. Sulfonyl diisocyanate and hexamethylene diisocya­
nate were purchased from K and K Laboratories. Epichlorohy- 
drin (Baker) cellulose acetate (Eastman), aromatic amines 
(Eastman) and amino acids (Eastman) were used as received. 
Chromatographic supplies were purchased from Brinkman. £- 
Toluenesulfonyl isocyanate was purchased from Upjohn. Pur­
ified wood cellulose was kindly supplied by Dr. Clayton D.
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Callihan, Department of Chemical Engineering, Louisiana 
State University. Olin "Ecusta" cupriethylenediammine was 
used as a standard cellulose solvent in tests for cross- 
linking .
B . Arylsulfonyl Isocyanates and Diisocyanates
]j-Toluenesulfonyl isocyanate was either synthesized or 
obtained commercially from Upjohn Company. The phosgenation 
method of Ulrich and S a y i g h ^ ^ ^  was applied to the synthesis 
of the toluenesulfonyl isocyanate, £-isocyanatobenzenesul- 
fonyl isocyanate and toluene-2,4-disulfonyl diisocyanate. 
This method is illustrated by the synthesis of £-toluene- 
sulfonyl isocyanate, described below. The ^-toluenesulfonyl 
isocyanate from either source showed a tendency to be con­
taminated by small amounts of ^-toluenesulfony 1  chloride.
1. p-Toluenesulfonyl isocyanate - To a 2 1. three-neck, 
round-bottom flask equipped with a gas bubbler, overhead 
stirrer and a combination Dean-Stark trap and Friedrich con- 
densor was added 885 ml. chlorobenzene and 171 g. (1.0 mole) 
j>-toluenesulfonamide. The mixture was dried by azeotropic 
distillation then cooled to 80°C before adding 20 g. (0.2 
moles) butyl isocyanate. The resulting mixture was heated 
at reflux temperature for two hours while being sparged with 
phosgene. Excess phosgene was removed by purging with ni­
trogen for one hour at reflux temperature. Most of the sol­
vent and butylisocyanate were removed by direct distillation 
from the reaction mixture. The remainder of the solvent^and 
desired product (144 g, 73%) were distilled under reduced
pressure. The product distilled at 1 1 2°C/1.4 mm as a color­
less liquid, v c m - 1  (film); 2220 (S0 2 N C 0 ) , 1340 and 1160 
(-S02) . . .
2 . p-lsocyanatobeazenesulfonyl Isocyanate
This preparation was carried out as above except that 
1  kg. of nitrobenzene was employed as a solvent and that a 
slurry of 172 g. (1.0 mole) of sulfanilamide was cooled to 
about 5°C and saturated with phosgene after introduction of 
the n-buty1 isocyanate. Phosgene was continually added at 
a reaction temperature of 170° for three hours after which 
time excess phosgene was purged with nitrogen. Fractional 
distillation of the reaction mixture yielded 142 g. (63% 
yield) of product as a colorless liquid, b.p. 130°/1.5 mm, 
m.p. 41-43° (lit.<122> 42.5), v c m _ 1  (film); 2270 (NCO),
2230 (S0 2 NC0), 1350 and 1170 (S02 ) .
3. Toluene-2,4-disulfonyl Piisocyanate
Toluene-2,4-disulfonamide was prepared from toluene 
by reaction with sulfuric and chlorosulfonic acid, followed 
by thionyl chloride and finally ammonium carbonate. This 
starting material (24.7 g., 0.1 mole) and n-butylisocyanate 
(2 g., 0.02 mole) were slurried in 400 ml. nitrobenzene, 
saturated with phosgene at 0 to 10°C and mixture warmed to 
165°C and held at this temperature while sparging with ad­
ditional phosgene for 2h hours. After removing solvent at 
reduced pressure, a colorless, viscous liquid distilled at 
180-185°/2.3 mm. The product (10 g., 30%) solidified at 
room temperature m.p., 80-82° ( l i t . ^ ^ ^  80-83) 2220
(S0 2 NC0), 1340 and 1160 (-S02- > •
Reaction of a sample of the distillate with excess meth­
anol gave the crystalline bis(methylurethane), m.p. 79-82° 
(lit.(54> 80-83).
Anal. Calcd. for CgH^ 4 N 2 0 gS 2 : C , 36.06; N, 7.65;
H, 3.85
Found: C, 36.15; N, 7.52; H, 3.89
C . 2-Diethylamlno-4,6 -dichloro-s-triazine
This compound was prepared by the method of Thurston, 
et. a l . ( H 2 ) .  ^ hot solution of cyanuric chloride (92 g.,
0.5 moles) in 200 ml. of acetone was introduced in a thin 
stream into 300 ml. of well-stirred ice water in 
order to obtain a fine slurry. Diethylamine (37 gram, 0.5 
mole) and sodium carbonate (31 g., 0.5 equivalent) were ad­
ded while stirring was continued and the temperature main­
tained at 0-5° for one hour. The product was collected by 
filtration, pressed as dry as possible then azeotropically 
dried and recrystallized from benzene: yield 64.9 g (60%),
m.p. 78-79° ( l i t . ( H 2 )  78-79).
D . Cellulose p-toluenesulfonylcarbamate Resins
These derivatives were originally prepared following 
the method of Rousseau, Callihan and Daly(53)j with the ex­
ception that various initial ratios of p-toluenesulfony 1 - 
isocyanate to cellulose, followed by relatively high ratios 
of crosslinking agents were used in an effort to produce 
resins amenable to column applications. In some prepara­
tions treatment with the cross-linking agent was followed
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by additional £-toluenesulfonylisocyanate to increase D.S. 
and exchange capacity. The general procedure for the prep­
aration of the derivatives summarized in Table 4 is as 
follows:
Dry, ground wood cellulose (usually 2.0 g . s 0.01235 
mole equiv.) was slurried with 200 ml. dry pyridine in a 500 
ml. , three-neck resin kettle equipped with an overhead 
stirrer, nitrogen inlet and reflux condensor. The mixture 
was kept under constant nitrogen p a d . ^-Toluenesulfonyl 
isocyanate (0.01235 to .04940 moles) was injected and the 
mixture heated to a constant 90° in an oil bath. After 6 to 
8  hours, by which time a homogeneous solution was achieved, 
the cross-linking agent (p-isocyanatobenzenesulfonyl isocy­
anate, sulfonyl diisocyanate, toluene- 2 ,4-disulfonyldiiso- 
cyanate or 4 , 4 ’methylenediphenyl diisocyanate) was added in 
mole ratios to cellulose varying from 0.2:1 to 2:1. In most 
cases, addition of the cross-linking agent produced a very 
thick gel which would break within two hours to produce a 
precipitate as heating and stirring were continued.
In some instances, additional amounts of £-toluenesul- 
fonylisocyanate were added approximately four hours after 
the cross linking reagent was added in an attempt to increase 
the D.S. and exchange capacity. The reaction mixture was 
then heated for an additional eight hours.
Geltinous derivatives were isolated by decant­
ing the reaction mixture into 1  1 . cold ethanol 
containing 25 ml. of concentrated HCl in a high­




Exp. Mole Ratio of Elemental Mole Ratio of
No . a____ Reagents *3________________ Analyses 0____Substitution found**
J3 -TSI Crosslinking %N %S D.S. Crosslink^
________ Agent______________________________________
1 2.28 0.16 5. 36 12.23 2.5 <0.05
2 3.28 0.32 5.32 11.99 2.4 <0.05
3e 1 . 0 0 0. 49 3.88 8 . 83 1 . 0 <0.05
4 3.28 0.57 5.49 12.57 2 . 8 <0.05
5e 1 . 0 0 1.54 2. 73 6.19 0.5 <0.05
6 e 2 . 0 0 0 . 81 5.17 19.52 2 . 0 <0.057e 1.15 2 . 81 5.20 9.87 1 . 2 <0.25
8 e 0.90 2. 25 4.23 8.78 0.9 < 0 . 1 0
9 e 1.45 1.46 5.76 9.98 1.4 0. 35
1 0 e 2 . 0 0 1.05 5.38 11.47 2 . 0 0 . 1 0
lle 1.93 0.49 5.52 1 2 . 6 6 1.9 0.30
1 2 1.94 1.13 5.65 12.85 2 . 0 0. 35
13 2. 25 1.04 5.26 10.38 1.3 0 . 2 0
14 0.96 1 . 1 2 4.51 9.22 1 . 0 0 . 1 0
15 1.39 1.39 5.94 7. 74 1.4 0.50
16 1. 39 1. 39 4.02 7.53 1.3 0. 70
17 2 . 0 0 1 . 0 1 5.36 10.23 1 . 8 0.15
18 1.51 0.50 5.67 11.46 2.3 0.15





and experiment conditions correlat
(b) Mole ratio of ^-toluenesulfonyl isocyanate and of cro 
linking agent per anhydroglucose unit.
(c) Carbon, hydrogen values not shown. General agreement
within ± 1 % to D.S. values calculated from N; S.
(d) Calculated from % N ; %S 
for crosslink density.
values to ± 0 . 1 for D .S. , ±0.05
(e) Additional £-TSI added 
complete substitution.
after crosslinking to attempt
(f) Crosslink densities estimated from difference in mole 
ratios of N and S when crosslinking reagent did not 
contain S; from best fit of elemental analysis to com­
puted values by increments shown in (d) for sulfonyl 
isocyanate cross linking reagents.
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washing with ethanol and finally dried at 50-60° in a vacuum 
oven. Pyridine supernatant was filtered or decanted direc­
tly from the more granular gels after which they were sub­
jected to the same work up as the gelatinous derivatives.
The derivatives were characterized by weight gain, IR, DTA/ 
TGA, elemental analysis and batch ion exchange capacity by 
the method of Guthrie, et. al.(46) an<j these properties are
summarized in Tables 4 and 14.
E . Non-Cellulosic p-Toluenesulfonyl Carbamates
1. Polyvinylalcohol (1.0 g., 0.0228 mole) and 50 ml.
dry pyridine, under a nitrogen pad were heated to 90°. £-
Toluenesulfonyl isocyanate (4.5 g., 0.0228 mole) was slowly 
injected, with stirring. The solution immediately turned 
yellow and the polyvinyl alcohol began to dissolve. After 
two hours, the polyvinyl alcohol appeared completely dis­
solved and the reaction mixture was decanted into 1  1 . of 
cold ethanol. The gummy precipitate was frozen in a dry 
ice-acetone bath, chopped in a blender while frozen, washed 
with cola ethonol and dried overnight at 60° in a vacuum 
oven to yield 2 . 2 2  grams of tan-white powder.
This reaction was repeated (a) in dry benzene, without 
pyridine and (b) in a 1:7 pyridine-benzene reaction media. 
The polyvinyl alcohol remained insoluble in benzene and 1.1 
grams of slightly substituted product was obtained. The 
polyvinyl alcohol appeared to dissolve to a slight extent in 
the pyridine-benzene solution and a gummy yellow product 
was observed before workup. Yield was 3.74 grams of tan
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powder. All products showed spectra! characteristics of 
sulfonyl. carbamates.
2* Argo starch (1.0 g. 0.006 moles) was subjected to 
the same reaction conditions as in 1, above. Solution did 
not result. After three hours the reaction mixture was de­
canted into 1 1. of cold ethanol. The product was collected 
by filtration and dried overnight at 40° in a vacuum oven to 
yield 0.90 g. of white powder identifiable as unreacted 
s tar ch.
3. Cellobiose (1.0 g., 0.006 mole) was subjected to 
the reaction conditions above. The product was soluble in 
ethanol but precipitated in a b s . ether, filtered and dried 
to give 1.97 g. of tan powder.
F . Cross Linking of Cellulose Sulfonylcarbamates with 
Epichlorohydrin 
Attempt a.
Wood cellulose (5.0 g., 0.062 mole equiv.) was swollen 
with 20 ml. of 10% NaOH in a magnetically stirred 250 ml. 
round bottomed flask for one hour. 50 ml. dioxane, 10 ml. 
(0.13 mole) epichlorohydrin and 2.0 g. Na 2 S0 g were added 
and the reaction mixture was stirred for 24 hours 
at room temperature. The product was isolated by filtration, 
neutralized by washing with 0.1 N HCl and cold water and 
dried in a vacuum oven at 60°. A crisp white product (5.4 
g.) which was insoluble in 1 M cuprlethylene diamine ("Ecusta" 
cellulose solvent) was obtained. 2 . 0  grams of this product 
in 200 ml. pyridine was treated with 5.0 grams of £-toluene-
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sulfonylcarbamate derivatives. After 12 hours at 95-100°, 
1.95 g. of material was recovered. The product was shown 
to be Identical with the starting material by I.R. and DTA. 
Attempt b.
Cellulose ^-toluenesulfonyl carbamate of D.S. (5.0 g.
0.009 mole) in 50 ml. 10% NaOH and 150 ml. dioxane was 
stirred for one hour in a 250 ml. reaction kettle under a 
nitrogen pad to swell the cellulose derivative. Epichloro­
hydrin (10 m l ., 0.13 mole) in 50 m l . dioxane was added and 
the reaction mixture was stirred at room temperature for six 
h o urs.
After neutralizing, washing and drying 2„9 g. of off- 
white powder was isolated, v cm- -*- (KBr), 3330 (NH) , 1740,
1640 (carbonate) and 1330, 1170 (-SO 2 - ) • DTA exhibited an 
endotherm at 255°, followed by a strong exotherm character­
istic of cellulose £ - toluenesulfonylcarbamates. The batch 
exchange capacity was 0.48 meq/g.
2 . 0  grams of this product was subjected to reaction 
with 5 g. £-toluenesulfonyl isocyanate in pyridine in the 
usual manner to give 3.2 grams of light, finely divided 
granular resin, E.R. and DTA characteristics the same as 
above.
Analysis: N, 2.84%; S, 6.72, calculates for an ex­
change capacity of 1.9 (batch capacity 1.58 meq/g.)
A one-quarter mole scale run of this preparation yielded 
a very stable resin with a capacity of 1.28 meq/g that was 
used in column chromatography trials.
Analysis: N, 2.10%; S, 4.74%, calculated for exchange
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capacity of 1.5 meq/g. (batch capacity 1.28 meq/g.)
G . Crosslinking with 1.3.5-s-Trlchlorotriazine and 
Derivatives
Attempt a.
Wood cellulose (5.0 g. 0.031 mole equiv.) was swollen 
in 50 ml. of 20% NaOH. After one hour 100 ml. acetone and 
5 g. (0.027 mole) js-trichlorotriazine in 50 ml. of acetone 
was added slowly, while stirring. The reaction mixture was 
stirred at room temperature six hours and refluxed for an 
additional two hours. The product was filtered, washed 
repeatedly with water and acetone and finally dried in a 
vacuum oven at 60°. The yield was 7.8 g. of crisp, white 
powder which was insoluble in cupriethylenediamine; vcm-^ 
(KBr), 820 (triazine); DTA exhibits strong endotherm at 
340°.
Analysis: N, 12.95% Calcd. for a D.S. of 0.8: N,
13.42%
This product was subjected to reaction with £-toluene- 
sulfonylisocyanate in pyridine at 95° for 12 hours. Only 
starting material was recovered.
Attempt b.
Wood cellulose (5.0 g., 0.031 mole equiv.) was reacted 
with the diethylamino triazine (10.0 g., 0.031 mole) in the 
manner described above. After neutralizing and washing, 
a yield of 8.4 g. crisp, white powder was obtained, v cm ^ 
(KBr), 3300 (NH); 1760, 1630 (carbamate); 1510, 820 (tria­
zine); 1340, 1170 (SO 2 ) and 1090 (tert. amine). DTA exo-
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therm at 250° followed by two sharp exothermd at 260 and 
275°.
Analysis: N, 9.68%; calcd. for D.S. of 2.5; N, 9.96%
Attempt c.
Dry cellulose £-toluenesulfonyl carbamate (2.0 g., 0.004 
mole equiv.) of D.S. 2 was stirred in 300 ml. of pyridine at 
80° until solution was achieved. 1, 3 ,5-£-Trichlorotriazine 
(2 . 0  g., 0 . 0 1 1  mole) was added, after cooling the solution 
to 40°, while stirring strongly. The mixture was stirred at 
room temperature for six hours and the temperature was then 
gradually raised but the already discolored mixture blackened 
as viscosity increased. No precipitate was observed.
H . Cross Linking with Divinylsulfone
Dry wood cellulose (5.00 g., 0.031 mole) and 300 ml. 
pyridine were stirred in a 500 ml. resin kettle under a ni­
trogen pad at 90°. £-Toluenesulfony1 isocyanate (16.8 g.,
0.085 mole) was injected and allowed to react eight hours. 
Divinyl sulfone (2.66 g., 0.023 moles) was then injected in­
to the solution, followed by 4 ml. of 40% NaOH solution while 
maintaining high speed stirring. After about 30 minutes, 
fine particles began forming. The reaction was allowed to 
proceed four hours, cooled to room temperature and excess py­
ridine decanted. The resin was then washed with 1 liter of 
ethanol containing 25 ml. conc. HCl, filtered, washed with 
ethanol followed by water and finally dried in a vacuum oven 
at 60°. Dry yield of fine, white granular resin was 20.78 g.
The resin swells in 2% NaOH. I.R. absorbances appropriate
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to the cellulose sulfonyl carbamate and showdd a band at 705 
cm--*- (-CH 2 n -) • DTA showed strong endotherm at 230°.
Analysis: N, 5.02%; S, 12.95%; calculates for D.S. 2.4
and degree of crosslinking of 0.31.
Resins of a lesser D.S. were prepared in an attempt to 
reduce swelling, on a larger scale for analytical trials 
with the following results:
Resin D.S. Degree of %N %S D.S. Degree Exchange
x-linking x-linking Capacity
(meq/g.)
D-5 0.5 0.2 1.19 3.23 .18 0.03 0.64
D-15 1.5 0.2 4.51 10.37 1.40 0.06 2.25
I . Cellulose Sulfonylcarbamates from Cellulose Acetate
Cellulose acetate, 37.9% acetyl, (13.5 g., 0.05 mole), 
in 300 ml. benzene, was treated with (9.9 g., 0.05 mole) p- 
toluene sulfonyl isocyanate after azeotropic removal of 
water; dry yield, 23.0 g. This product (4.15 g.) was hydro­
lyzed 24 hours in 500 ml. of 10% NaOH, the hydrolysis mixture 
was cooled to 10° and neutralized with concentrated HCl 
while cooling. The cellulose sulfonylcarbamate was washed 
with ethanol, dilute acid and water and dried at 60° in a 
vacuum oven to give a yield of 2.87 grams. 2.0 grams of 
the dry cellulose sulfonylcarbamates were re-dissolved in 
50 ml. of 5% NaOH and treated with 2 ml. of epichlorohydrin 
to produce a precipitate within two hours. The basic so­
lution containing the precipitate was neutralized, again 
with cooling, and 1.08 g. of dry buff-colored powder was
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isolated by the procedure described above.
Analytical results: cellulose acetate £ - toluene sul­
fonyl carbamate, 3.05% N, 6.52% S (D.S. 0.97); cellulose 
p-toluenesulfonyl carbamate, 2.16% N, 4.83% S (D.S. 0.35); 
cross-linked cellulosesulfonylcarbamate, 0.10 N, 0.56% S 
(D.S. 0.03, based on S, negligible based on N)*
J • Resin Characterization
1. Determination of Ion Exchange Capacities
The batch ion exchange capacities of resins prepared 
were determined by a modification of the method of Guthrie, 
et. al.(4(i) as follows: Approximately one gram of dry H+
form resin was weighed into a 250 ml. $ Erlenmeyer flask,
1 0 0  ml. of standard base solution was added and the resin al­
lowed to equilibrate for 2-4 hours with occasional swirling.
A 20 to 25 ml. aliquot was then withdrawn and titrated to a 
phenolphthalein end point with the standard acid. The ca­
pacity was then calculated in milliequivalents per gram.
2. Thermal Analysis
T h e r m a l  analysis of crosslinked cellulose and cellulose­
sulf onylcarbamate resins was conducted with a Dupont 900 
Thermal Analyzer equipped with a differential scanning cal­
orimeter (DSC) head and a Dupont 950 thermogravimetric anal­
ysis (TGA) unit. All observations were made under a nitro­
gen atmosphere. Samples for DSC were in sealed aluminum 
pans. Approximately 5 mg. samples were used and a heating 
rate of 10°C/min. used for DSC and TGA, from ambient tem­
perature to 500°C. Isothermal and high heating rate exper-
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iments were also performed.
3. Hydrolytic Stability of Cellulosesulfonyl Carbam­
ates
Samples of resins (2.00 g.) were immersed in solutions 
of 1 N HCl, 1 M N a 2 C 0 3  and 1 N NaOH at room temperature and 
were agitated occasionally. After 24 hours the basic solutions 
were neutralized, with cooling, the resins separated by fil­
tration, washed, re-acidified, rewashed and dried. The ex­
change capacities and elemental analyses of recovered resins 
were determined. These results are shown in Table 6  below.
The filtrates from the hydrolyses were concentrated by 
roto-vac^ to recover soluble portions. These portions were 
examined by n m r , ir and thermal analysis. They showed all 
characteristics of the original resin. Extraction of the 
soluble portions with acetone yielded a very small amount of 
£-toluene sulfonamide.
K * Thin Layer Chromatography of Primary Aromatic Amines
A Desaga applicator was used to spread 0.25 mm. thin- 
layer plates. Machery, Nagel and Co. MN 300 CM carboxy- 
methyl plates. Cellulose £-toluenesulf onyl carbamate (CSC) 
plates were prepared from resins ball-milled and sieved to 
pass 150 mesh. Calcium sulfate (10%) or MN 300 cellulose 
powder (20%) were used as binders with the CSC resins. The 
CSC resins were slurried from chloroform or methanol (30- 
40%) . The plates were oven dried at 80° for three hours 
and stored over "drierite".
Solutions of the individual amines were prepared at a
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concentration of 0 .1 0 % in a 1 : 1  (v/v) mixture of isopropanol 
and 0.10 N HC1. Spots of 1 ml. were applied 1.5 cm from 
the bottom of 20 x 20 cm. plates with Brinkman disposable 
pipettes. All plates were developed as nearly as possible 
to a solvent front of 14 cm. Detection of developed plates 
was effected by a commercial (Brinkman) 4-dimethylaminobenz- 
aldehy de aerosol spray. Detection was also checked by the 
alternate method of spraying with 5% sodium nitrate in 0.2 
N NH 4 C 1 , drying and spraying with a 5% solution of a-napthol 
in methanol. The second method was used to check for mul­
tiple spotting reported by Beckett and C h o u l i s  (-^3) < Second 
spots were observed at the origin with CMC plates but not 
with the CSC plates.
L . Column Chromatography of Aromatic Amines on Cellulose- 
sulfonyl Carbamate Resins
The resins employed had particle sizes to pass 40 but 
not 100 mesh. Column characteristics are given with elution 
data in the discussion section. A constant level eluent 
head was maintained with a reservoir and peristaltic pump 
and flow rates were adjusted to approximately 2 ml./min.
The aromatic amines were dissolved in the eluent em­
ployed for each determination at a concentration of 0.5 g./
1 . and a volume of 0 . 1  ml. was introduced into the column. 
Elution curves were obtained by colorimetry, using 0.02 ml. 
of a saturated acetic acid solution of p-dimethylarainobenz- 
aldehyde in each collection tube. A constant eluent volume 
of between 2 and 4 ml. was collected in each 15 x 120 mm
Table 15
Resina
ANALYSIS OF HYDROLIZED RESINS 





%N; S Exch. 1 N HC1
Cap. % N ; S
__________ (meq/g) ___________
1 M N a 2 C0 3 1 N NaOH
%N; S ZN; S
E x c h .b Effect of 
Cap. Base on 
Resins
4.69; 7.20 1.31 4.48; 6.78 4.36; 6.75 2.46; 2
7.04; 8.55 1.89 7.56; 8.26 7.62; 8.19 6.25; 7











hexamethylene- 6.12; 10.91 1.84 5.81; 9.86 5.75; 9.82 5.07; 7
diisocyanate
47 1.23 Swells to
near gel
divinyl sulfone 4.51; 14.37 1.45 3.53; 7.87 2.42; 4.36 2.10; 3.85 <0.3
epichlorohydrin 2.10; 4.74 1.28 2.12; 4.68 2.05; 4.72 1.83; 4
(a) Cellulose sulfonyl carbamate, crosslinked with substance shown.









tube and the adsorbance read at 525 nm.
M. Separation of Amino Acids on Cellulose Sulfonylcarbam- 
ate Resins by Thin Layer Chromatography
Plates (20 x 20 cm.) were prepared from a slurry of 40 
g. of cellulosesulfonylcarbamate resin in 1 0 0  ml. of chloro­
form to a thickness of 250p. The resin contained 20% MN 
300 cellulose and passed 150 mesh. Plates were oven dried 
for three hours at 80° and stored over "drierite". Stock 
solutions of amino acids were prepared to contain 1  mg./ml. 
in 1 0 % isopropanol solution with a minimum amount of dilute 
HC1 used to effect solution. Plates were developed to about 
14 cm. by ascending eluent. Visualization was effected by 
commercial Brinkman ninhydrin aerosol spray or by an aerosol 
propelled spray of ninhydrin-cadmium a c e t a t e ^ ^ ^  .
Attempted Thin Layer Chromatography of Metal Ions
Plates were prepared from cellulose sulfonyl-carbamates 
of D.S. 1.5, crosslinked with divinyl sulfone and hexameth- 
ylene diisocyanate and from uncrosslinked material to a 
thickness of 250y. Solutions of Ca, Mg, Ba, Co, F e , C u , Hg 
and Pb ions (lpg./ml.) were applied in lyl. spots to plates.
Plates were developed in 0.1 M HC1, 1 M C H 3 COOH, HC1- 
potassium hydrogen phthalate buffer of pH 4, and 0.1 M NH 4 OH. 
Spots were visualized with aerosol spray of dithizone, 1% 
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